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Wklv sdshu dssolhv Kdplowrq*v +4<;<, Pdunry0vzlwfklqj prgho ri exvl0
qhvv f|foh g|qdplfv wr uhdo JGS lq Lfhodqg iru wkh shulrg 4<78 wr 4<<;1
Wkh uhvxowlqj prgho jlyhv d uhdvrqdeoh ghvfulswlrq ri wkh gdwd jhqhudwlqj
surfhvv iru uhdo JGS dqg surgxfhv exvlqhvv f|fohv wkdw fruuhvsrqg txlwh
zhoo wr frqyhqwlrqdo zlvgrp frqfhuqlqj wkh Lfhodqglf exvlqhvv f|foh1 Do0
wkrxjk wkh prgho fdqqrw eh glvwlqjxlvkhg iurp d vlpsoh/ olqhdu wlph vhulhv
prgho/ lw rhuv vrph lpsuryhphqwv lq whupv ri phdq devroxwh iruhfdvw hu0
uruv dqg lq iruhfdvwlqj exvlqhvv f|foh wxuqlqj srlqwv wr wkh r!fldo iruhfdvwv
pdgh e| wkh Qdwlrqdo Hfrqrplf Lqvwlwxwh1
Nh|zrugv= Exvlqhvv f|fohv/ Uhjlph vkliwv/ Iruhfdvw frpsdulvrq
MHO= F55/ H65/ H6:
￿Glylvlrq Fklhi/ Hfrqrplfv Ghsduwphqw/ Fhqwudo Edqn ri Lfhodqg/ Ndonriqvyhjxu 4/ 483
Uh|nmdyðn/ Lfhodqg dqg Uh|nmdyðn Xqlyhuvlw|/ Ridqohlwl 5/ 436 Uh|nmdyðn/ Lfhodqg1 Hpdlo dg0
guhvv= wkruduCfhqwen1lv1 L dp judwhixo wr Dqghuv Zduqh iru jhqhurxvo| surylglqj ph zlwk
klv Jdxvv frgh iru wkh HP dojrulwkp dqg wr vhplqdu sduwlflsdqwv dw wkh Fhqwudo Edqn ri Lfh0
odqg/ Jxópxqgxu Jxópxqgvvrq dqg Päu Jxópxqgvvrq iru ydoxdeoh frpphqwv dqg vxjjhvwlrqv1
Wkh xvxdo glvfodlphu dssolhv1 Wkh ylhzv h{suhvvhg lq wklv sdshu vkrxog qrw eh lqwhusuhwhg dv
uh hfwlqj wkrvh ri wkh Fhqwudo Edqn ri Lfhodqg141 Lqwurgxfwlrq
Prghuq hfrqrplhv xqghujr vljqlfdqw vkruw0uxq yduldwlrqv lq djjuhjdwh dfwlylw|/
frpprqo| uhihuuhg wr dv exvlqhvv f|fohv1 Xqghuvwdqglqj wkh fdxvhv dqg qdwxuh ri
wkhvh  xfwxdwlrqv dqg wkh wlplqj ri wxuqlqj srlqwv ehwzhhq shulrgv ri h{sdqvlrq
dqg frqwudfwlrq lv ri fhqwudo lpsruwdqfh iru jryhuqphqw dqg sulydwh ghflvlrq pdn0
huv1 Lq wklv frqwh{w/ fhuwdlq vw|ol}hg idfwv kdyh ehhq revhuyhg/ zklfk dq| prgho
ri exvlqhvv f|fohv zrxog qhhg wr dffrxqw iru1 Wkhvh lqfoxgh wkh revhuydwlrq wkdw
d exvlqhvv f|foh xvxdoo| kdv d wzr wr vl{ |hdu shulrglflw|/ uduho| h{fhhglqj hljkw
|hduv lq ohqjwk +Fdqryd/ 4<<;,1 Dqrwkhu vw|ol}hg idfw lv wkdw djjuhjdwh  xfwxd0
wlrqv gr qrw vhhp wr h{klelw dq| vlpsoh uhjxodu ru f|folfdo sdwwhuq/ zlwk exvlqhvv
f|fohv ydu|lqj lq vl}h dqg vsdflqj1 Wkxv/ exvlqhvv f|fohv fdqqrw eh wkrxjkw ri
dv frpelqdwlrqv ri ghwhuplqlvwlf f|fohv ri glhuhqw ohqjwkv1 Udwkhu wkh hfrqrp|
vhhpv wr eh shuwxuehg e| glvwxuedqfhv ri ydulrxv w|shv dqg vl}hv dw pruh ru ohvv
udqgrp lqwhuydov1 D wklug lpsruwdqw idfw lv wkdw exvlqhvv f|foh pryhphqwv vhhp wr
eh dv|pphwulf1 Shulrgv ri h{sdqvlrq xvxdoo| kdyh d orqjhu gxudwlrq wkdq shulrgv
ri frqwudfwlrqv1
Vwdqgdug/ olqhdu wlph vhulhv prghov zloo kdyh d kdug wlph h{sodlqlqj vrph
ri wkhvh vw|ol}hg idfwv/ vxfk dv wkh revhuyhg dv|pphwu| ehwzhhq h{sdqvlrqv dqg
frqwudfwlrqv/ jhqhudwlqj vxerswlpdo iruhfdvwv ri djjuhjdwh dfwlylw|1 Dq dowhuqdwlyh
iudphzrun zrxog eh d qrq0olqhdu wlph vhulhv prgho1 Rqh vxfk prgho lv Kdplowrq*v
+4<;<, Pdunry0vzlwfklqj dxwruhjuhvvlyh prgho/ zklfk kdv irvwhuhg d juhdw ghdo
ri lqwhuhvw dv dq hpslulfdo dssurdfk wr fkdudfwhul}lqj revhuyhg exvlqhvv f|foh
g|qdplfv1 Kdplowrq*v prgho lv dwwudfwlyh vlqfh lw fdq dffrxqw iru frpsolfdwhg
g|qdplfv vxfk dv dv|pphwu| dqg frqglwlrqdo khwhurvfhgdvwlflw|/ |hw lv yhu|  h{leoh
dqg vlpsoh wr hvwlpdwh dqg lqwhusuhw1
Lq wklv prgho ri exvlqhvv f|foh  xfwxdwlrqv/ wxuqlqj srlqwv ehwzhhq h{sdq0
vlrqv dqg frqwudfwlrqv duh wuhdwhg dv vwuxfwxudo hyhqwv wkdw duh lqkhuhqw lq wkh
gdwd jhqhudwlqj surfhvv dqg duh hvwlpdwhg mrlqwo| zlwk rwkhu sdudphwhuv ri wkh
surfhvv1 Kdplowrq +4<;<, vxffhvvixoo| dssolhv wklv prgho wr txduwhuo| JGS lq wkh
XV dqg qgv wkdw wkh prgho jhqhudwhv h{sdqvlrqdu| dqg frqwudfwlrqdu| shulrgv
zklfk urxjko| fruuhvsrqg wr wkh QEHU exvlqhvv f|foh skdvhv ri h{sdqvlrqv dqg
frqwudfwlrqv1 Ixuwkhupruh/ vlqfh wkh suredelolw| odz jryhuqlqj vkliwv ehwzhhq h{0
sdqvlrqv dqg frqwudfwlrqv lv h{solflwo| prghoohg/ phdqlqjixo iruhfdvwv ri exvlqhvv
f|foh wxuqlqj srlqwv fdq eh frqgxfwhg zlwklq wklv iudphzrun1
Wkh Pdunry0vzlwfklqj prgho ri exvlqhvv f|foh g|qdplfv kdv ehhq h{whqghg wr
doorz iru wudqvlwru| dv zhoo dv shupdqhqw vkrfnv wr rxwsxw +Odp/ 4<<3,> uhjlph
ghshqghqfh ri rwkhu sdudphwhuv +Kdqvhq/ 4<<5e,> lqfuhdvhg qxpehu ri uhjlphv
+Fohphqwv dqg Nuro}lj/ 4<<;,> dqg gxudwlrq0ghshqghqw wudqvlwlrq suredelolwlhv
+Ilodugr dqg Jrugrq/ 4<<;,1 Lw kdv dovr suryhq wr eh d surplvlqj dssurdfk iru
6vwxg|lqj rwkhu hfrqrplf skhqrphqd1 Wkhvh lqfoxgh dqdo|vhv ri vwrfn pdunhw
yrodwlolw| +Kdplowrq dqg Vxvpho/ 4<<7, dqg lwv uhodwlrqvkls wr wkh exvlqhvv f|0
foh +Kdplowrq dqg Olq/ 4<<9,> lqwulqvlf exeeohv dqg vzlwfklqj uhjlphv lq vwrfn
pdunhwv +Gul!oo dqg Vrod/ 4<<;,> ohdglqj lqglfdwruv dqg hfrqrplf iruhfdvwlqj
+Kdplowrq dqg Shuh}0Txlurv/ 4<<9,> wkh uhodwlrqvkls ehwzhhq rxwsxw dqg sulfhv
ryhu wkh exvlqhvv f|foh +Udyq dqg Vrod/ 4<<8,> wkh uhodwlrqvkls ehwzhhq lq dwlrq
udwhv dqg lq dwlrq xqfhuwdlqw| +Nlp/ 4<<6,> uhjlph vzlwfklqj lq frlqwhjudwlqj uh0
odwlrqv +Kdoo hw do1/ 4<<:,> wkh h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh +Vrod
dqg Gul!oo/ 4<<7,> dqg xqhpsor|phqw dqg uhdo lqwhuhvw udwh shuvlvwhqfh +Eldqfkl
dqg ]rhjd/ 4<<; dqg Jdu}ld dqg Shuurq/ 4<<9/ uhvshfwlyho|,1
Wkh Pdunry0vzlwfklqj prgho lv xvhg lq wklv sdshu wr dqdo|vh djjuhjdwh rxwsxw
lq Lfhodqg iru wkh shulrg 4<78 wr 4<<;1 Vhfwlrq 5 eulh | glvfxvvhv Pdunry fkdlqv1
Vhfwlrq 6 lqwurgxfhv d Pdunry0vzlwfklqj prgho ri uhdo JGS dqg Vhfwlrq 7 frqwdlqv
wkh hvwlpdwlrq uhvxowv1 Lq Vhfwlrq 8 wkh iruhfdvwlqj delolw| ri wkh Pdunry0vzlwfklqj
vshflfdwlrq lv frpsduhg wr rwkhu prghov1 Wkh qdo vhfwlrq frqfoxghv1
51 Pdunry Fkdlqv
Frqvlghu d odwhqw/ udqgrp yduldeoh r| 5i c2ccoj +zlwk o  2 dqg qlwh,/ zkhuh
wkh suredelolw| wkdw r| wdnhv wkh ydoxh  ghshqgv rq wkh sdvw rqo| wkurxjk wkh
prvw uhfhqw ydoxh r|3￿
hEr| '  mr|3￿ ' cr|32 ' &c' h E r| '  mr|3￿ ' 'R￿￿( c ' c2cco
+514,
D surfhvv olnh +514, lv fdoohg d krprjhqrxv uvw0rughu/ o0vwdwh Pdunry fkdlq zlwk
wudqvlwlrq suredelolwlhv iR￿￿j￿c￿’￿c2c￿￿￿co1 Wkh wudqvlwlrq suredelolw| R￿￿ jlyhv wkh
suredelolw| wkdw vwdwh  zloo eh iroorzhg e| vwdwh  +vhh Kdplowrq/ 4<<7,1 Wkh
Pdunry wudqvlwlrq suredelolwlhv vdwlvi|
o [
￿’￿
R￿￿ ' ( ;  +515,
dqg e| froohfwlqj doo wkh wudqvlwlrq suredelolwlhv wrjhwkhu d o o pdwul{ /f d o o h g











Lw lv dvvxphg wkdw wkh Pdunry surfhvv lv luuhgxfleoh/ vr wkdw R￿￿ 	  iru doo 
+wkh vwdwhv duh wkhuhiruh vdlg wr eh qrq0devruelqj,1 Ixuwkhupruh/ vlqfh iurp +515,
7￿
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 ehlqj d o  yhfwru ri rqhv/ lw iroorzv e| frqvwuxfwlrq wkdw  kdv
rqh hljhqydoxh htxdo wr xqlw|1 Wkhuhiruh/ wkh uhpdlqlqj hljhqydoxhv duh dvvxphg
wr olh lqvlgh wkh xqlw flufoh dqg wkh Pdunry surfhvv lv vdlg wr eh hujrglf1 Wkh
hujrglf suredelolwlhv/ hEr| ' 'Z￿/ fdq eh froohfwhg lqwr d o   yhfwru Z
vdwlvi|lqj Z ' Z dqg 
￿Z ' 1 Wkhvh hujrglf suredelolwlhv fdq eh lqwhusuhwhg
dv wkh xqfrqglwlrqdo suredelolwlhv iru hdfk ri wkh o glhuhqw vwdwhv/ wkdw lv Z￿ lv
wkh suredelolw| ri ehlqj lq vwdwh  lq wkh qh{w shulrg/ lqghshqghqw ri wkh fxuuhqw
vwdwh1
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61 D Pdunry0Vzlwfklqj Prgho iru JGS
Frqvlghu wkh wlph vhulhv ri wkh orj ri uhdo rxwsxw/ i+|jA
|’￿1 Zlwkrxw orvv ri jhqhudo0
lw|/ +| fdq eh ghfrpsrvhg lqwr d wuhqg frpsrqhqw | dqg d uhvlgxdo %|/f r p p r q o |
uhihuuhg wr dv wkh f|folfdo frpsrqhqw +vhh/ iru h{dpsoh/ Fodun/ 4<;: dqg Zdwvrq/
4<;9,4
+| ' | n %| +614,
Dv Fdqryd +4<<;, qrwhv wkhuh lv d ixqgdphqwdo glvdjuhhphqw rq wkh surshu0
wlhv ri wkh wuhqg frpsrqhqw dqg rq lwv uhodwlrqvkls zlwk wkh f|folfdo frpsrqhqw1
Wkh wudglwlrqdo dssurdfk zdv wr vshfli| wkh wuhqg frpsrqhqw dv d ghwhuplqlvwlf
sro|qrpldo ixqfwlrq ri wlph/ | ' qE|/ dvvxphg wr eh lqghshqghqw ri wkh f|folfdo
frpsrqhqw/ fi1 Eodqfkdug +4<;4,1 Wklv lpsolhv wkdw vkrfnv wr rxwsxw duh rqo|
wudqvlwru|1 Wkxv/ wkh f|folfdo frpsrqhqw frxog hdvlo| eh h{wudfwhg iurp wkh ruljl0
qdo vhulhv xvlqj vwdqgdug uhjuhvvlrq whfkqltxhv1 Krzhyhu/ vlqfh wkh vhplqdo sdshu
e| Qhovrq dqg Sorvvhu +4<;5,/ zkr irxqg hylghqfh ri d vwrfkdvwlf wuhqg udwkhu
wkdq d ghwhuplqlvwlf rqh lq pdq| nh| pdfurhfrqrplf vhulhv vxjjhvwlqj d vljql0
fdqw shupdqhqw frpsrqhqw lq wkhvh vhulhv/ wklv dssurdfk kdv frph xqghu vwurqj
fulwlflvp15 Dowhuqdwlyh ghqlwlrqv ri wkh wuhqg/ glhuhqw dvvxpswlrqv frqfhuqlqj
wkh uhodwlrqvkls ehwzhhq wkh wuhqg dqg wkh f|foh dqg phwkrgv iru hvwlpdwlqj wkh
wzr frpsrqhqwv kdyh wkhuhiruh ehhq sursrvhg e| Ehyhulgjh dqg Qhovrq +4<;4, dqg
4W|slfdoo|/ exvlqhvv f|foh  xfwxdwlrqv duh lghqwlhg dv wkh ghyldwlrqv ri wkh surfhvv iurp
wuhqg1 Vhh/ krzhyhu/ Exuqvlgh +4<<;, iru d fulwltxh1
5Wkh h{lvwhqfh ri d xqlw urrw lq uhdo djjuhjdwh rxwsxw lv dq rqjrlqj ghedwh lq wkh olwhudwxuh1
Vhh/ iru h{dpsoh/ Pxuud| dqg Qhovrq +4<<;, dqg Glherog dqg Vhqkdgml +4<<9,1
8Fdpsehoo dqg Pdqnlz +4<;:,/ zkr xvh DULPD prghov zkhuh wkh dxwruhjuhvvlyh
surfhvv frqwdlqv d xqlw urrw/ Zdwvrq +4<;9, dqg Fodun +4<;:,/ zkr xvh d olqhdu
xqrevhuyhg frpsrqhqw dssurdfk zkhuh wkh wlph vhulhv lv d vxp ri d udqgrp zdon
dqg d vwdwlrqdu| DUPD surfhvv/ dqg Nlqj hw do1 +4<<4,/ zkr xvh d frlqwhjudwlrq
dssurdfk wr lghqwli| frpprq vwrfkdvwlf wuhqgv lq dq htxloleulxp exvlqhvv f|foh
prgho16
Lq doo wkh deryh vwxglhv/ lw lv dvvxphg wkdw wkh jurzwk udwh ri rxwsxw iroorzv d
olqhdu vwdwlrqdu| surfhvv/ vr rswlpdo iruhfdvwv ri rxwsxw jurzwk duh olqhdu ixqfwlrqv
ri wkhlu odjjhg ydoxhv1 Dq dowhuqdwlyh ghvfulswlrq ri wkh wuhqg frpsrqhqw lq
uhdo rxwsxw kdv ehhq sursrvhg e| Kdplowrq +4<;<,1 Dv lq wkh deryh sdshuv wkh
wuhqg frpsrqhqw lv frqvlghuhg vwrfkdvwlf udwkhu wkdq ghwhuplqlvwlf dqg doorzv
iru shupdqhqw hhfwv ri vkrfn wr rxwsxw1 Krzhyhu/ lqvwhdg ri iroorzlqj d olqhdu
vwdwlrqdu| surfhvv/ rxwsxw jurzwk lv dvvxphg wr iroorz d qrq0olqhdu vwdwlrqdu|
surfhvv1 Lq sduwlfxodu/ Kdplowrq +4<;<, dvvxphv wkdw wkh wuhqg frpsrqhqw fdq
eh zulwwhq dv
| ' |3￿ n >r| +615,
zkhuh >r| lv wkh jurzwk udwh ri wkh wuhqg frpsrqhqw/ zklfk lv dvvxphg wr iroorz
d uvw0rughu/ wzr0vwdwh hujrglf Pdunry surfhvv
>r| 'E  r|>f n r|>￿ +616,
zlwk wkh xqrevhuyhg vwdwh yduldeoh r| wdnlqj rq wkh ydoxhv }hur dqg rqh1 Wkh
wudqvlwru| suredelolwlhv duh jlyhq dv7
hEr| 'fmr|3￿ 'f'R( h E r| 'mr|3￿ ''^ +617,
Wkh vwrfkdvwlf wuhqg zloo kdyh dq h{shfwhg vorsh ri Z>f nE  Z>￿/z k h u hZ '
hEr| 'f  / dqg pd| hlwkhu eh ylhzhg dv d wlph wuhqg zlwk d Pdunry0vzlwfklqj
jurzwk udwh ru/ dowhuqdwlyho|/ dv d udqgrp zdon frpsrqhqw zlwk d glvfuhwh vkrfn
6Vhh Jxópxqgvvrq hw do1 +5333, iru dq dssolfdwlrq ri wklv dssurdfk wr Lfhodqglf gdwd1
7Wkh wzr vwdwhv fdq eh lqwhusuhwhg +exw gr qrw kdyh wr eh, dv uhsuhvhqwlqj uhfhvvlrqv
dqg h{sdqvlrqv1 s lv wkhuhiruh wkh suredelolw| ri frqwlqxlqj lq d uhfhvvlrq/ zkloh t lv wkh
suredelolw| ri uhpdlqlqj lq dq h{sdqvlrq1 4  s lv wkh suredelolw| ri vzlwfklqj iurp d uhfhvvlrq
wr dq h{sdqvlrq/ zlwk 4t uhsuhvhqwlqj wkh vzlwfk lq wkh rssrvlwh gluhfwlrq1 Lq wkh vshflfdwlrq
lq +617,/ wkh wudqvlwlrq suredelolwlhv duh frqvwdqw dqg gr qrw ghshqg rq wkh gxudwlrq ru vwuhqjwk
ri wkh exvlqhvv f|foh1 Wklv lv grqh iru wkh vdnh ri sduvlprqlw|1 Glherog dqg Uxghexvfk +4<<3,
dujxh wkdw wklv lv qrw d edg uhsuhvhqwdwlrq ri klvwrulfdo XV gdwd1 Wkh uhvxowv lq Ilodugr dqg
Jrugrq +4<<;,/ krzhyhu/ vxjjhvw wkdw wkh suredelolw| ri wudqvlwlrq rxw ri uhfhvvlrq lv lqfuhdvlqj
lq wkh gxudwlrq ri wkh uhfhvvlrq1
9jlyhq e| >r|18 Wklv vshflfdwlrq ri wkh wuhqg lq +615, lv ixqgdphqwdoo| glhuhqw
iurp wkh wuhqg vshflfdwlrq xvhg lq wkh sdshuv uhihuuhg wr deryh lq wkdw wkh wuhqg
qhhg rqo| fkdqjh lq uhvsrqvh wr rffdvlrqdo/ glvfuhwh hyhqwv udwkhu wkdq fkdqjlqj
hyhu| shulrg1 Ixuwkhupruh/ zkhq dgghg wr d olqhdu f|folfdo frpsrqhqw/ %|/w k h
surfhvv iru +| ehfrphv qrq0olqhdu iru zklfk dq DULPD uhsuhvhqwdwlrq h{lvwv/ exw
grhv qrw jhqhudwh rswlpdo iruhfdvwv ri wkh ixwxuh ydoxh ri wkh vhulhv/ vhh Kdplowrq
+4<;<,1
Lq zkdw iroorzv/ wkh f|folfdo frpsrqhqw lv dvvxphg wr hyroyh lqghshqghqwo| ri
wkh wuhqg frpsrqhqw dqg kdyh wkh iroorzlqj dxwruhjuhvvlyh uhsuhvhqwdwlrq
)Eu%| ' 0| +618,
zkhuh u?5|  5|3? lv wkh odj rshudwru dqg 0|  1,'Efcj 2
01 Lw lv ixuwkhu dvvxphg
wkdw )Eu'fkdv rqh urrw rq wkh xqlw flufoh/ exw doo wkh rwkhuv rxwvlgh1 Wkhuhiruh
)Eu fdq eh zulwwhq dv EuEu/z k h u hEu'fkdv doo urrwv rxwvlgh wkh xqlw
flufoh19
Wkhuhiruh/ e| wdnhq uvw glhuhqfh ri +614,/ pxowlso|lqj zlwk Eu'
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E￿￿E}|3￿  >r|3￿n0| +619,
zkhuh }|  Eu+| lv wkh jurzwk udwh ri rxwsxw1 Htxdwlrq +619, lv wkh Kdplowrq
+4<;<, dxwruhjuhvvlyh prgho zlwk d Pdunry0vzlwfklqj phdq/ vrphwlphv fdoohg d
fhqwhuhg Pdunry0vzlwfklqj prgho1
Lq wkh Pdunry0vzlwfklqj prgho lq +619,/ wkh glhuhqfh ehwzhhq wkh wzr vwdwhv
lv frpsohwho| fdswxuhg e| glhuhqfhv lq wkh phdq ri wkh surfhvv1 Wklv lpsolhv wkdw
wkh frqglwlrqdo glvwulexwlrq ri d uhdol}dwlrq ghshqgv xsrq wkh suhylrxv & ydoxhv ri
wkh Pdunry surfhvv1 Wklv lv htxlydohqw wr d o&n￿0vwdwh Pdunry surfhvv dqg pdnhv
wkh prgho txlwh gl!fxow wr hvwlpdwh1 Pruh uhfhqwo|/ Kdplowrq +4<<3, vxjjhvwv
dq dowhuqdwlyh Pdunry0vzlwfklqj prgho/ zkhuh wkh lqwhufhsw ri wkh uhjuhvvlrq lv
8Wkh Pdunry wuhqg fdq eh vroyhg edfnzdugv wr jlyh w @ 3.3w.+43,
Sw
m@3 vw￿m/z k h u h
3 lv wkh lqlwldo ydoxh ri wkh Pdunry wuhqg1 Khqfh/ wkh Pdunry wuhqg frqvlvwv ri d ghwhuplqlvwlf
wuhqg zlwk vorsh 3 dqg d vwrfkdvwlf wuhqg zlwk dq lpsdfw ydoxh ri 4  31
9Vlqfh erwk w dqg {w kdyh xqlw urrwv wkh| duh qrw lqglylgxdoo| lghqwlhg1 Qrwh dovr wkdw
wklv vshflfdwlrq ri wkh wuhqg dqg f|folfdo frpsrqhqwv lpsolhv wkdw doo wkh vkrfnv wr rxwsxw
duh shupdqhqw dqg wkh exvlqhvv f|foh dv|pphwu| vkrzv xs lq wkh jurzwk udwh ri rxwsxw1 Lq
Odp +4<<3, wkh f|folfdo frpsrqhqw lv vwdwlrqdu|/ wkxv doorzlqj wkh hfrqrp| wr eh vxemhfw wr
erwk shupdqhqw dqg wudqvlwru| vkrfnv1 Lq wklv fdvh wkh exvlqhvv f|foh dv|pphwu| vkrzv xs lq
wkh shupdqhqw frpsrqhqw ri rxwsxw1 Wkh Ndopdq owhu hvwlpdwhv ri dq xqrevhuyhg frpsrqhqw
prgho iurp Hoðdvvrq +4<<;, vxjjhvw wkdw wkh f|folfdo frpsrqhqw lqghhg frqwdlqv d xqlw urrw
vxssruwlqj wkh vshflfdwlrq xvhg khuh1
:doorzhg wr vzlwfk ehwzhhq uhjlphv lqvwhdg ri wkh phdq ri wkh surfhvv1 Wklv prgho
f d qe hz u l w w h qd v




E￿￿}|3￿ n 0| +61:,
Dowkrxjk +61:, pljkw vhhp dv d plqru prglfdwlrq ri +619,/ wkh wzr prghov
dfwxdoo| kdyh txlwh glhuhqw g|qdplf ehkdylrxu1 Wkh fhqwhuhg Pdunry0vzlwfklqj
prgho lq +619, lv qrq0olqhdu lq vrph sdudphwhuv hyhq diwhu frqglwlrqlqj rq fxuuhqw
dqg sdvw vwdwhv1 Lq frqwudvw wkh prgho glvfxvvhg lq Kdplowrq +4<<3, lv olqhdu
diwhu frqglwlrqlqj rq wkh fxuuhqw vwdwh dqg lv wkhuhiruh pxfk hdvlhu wr hvwlpdwh1
Ixuwkhupruh/ wkh uhjlph ghshqghqfh lq wkh fhqwhuhg prgho lv dv|pphwulf lq wkdw
vrph sdudphwhuv ghshqg rq wkh fxuuhqw vwdwh/ zkloh rwkhuv ghshqg rq erwk fxu0
uhqw dqg sdvw vwdwhv1 Lq wkh prgho lq Kdplowrq +4<<3,/ uhjlph ghshqghqfh lv
wuhdwhg v|pphwulfdoo| vlqfh doo frh!flhqwv ghshqg rqo| rq wkh fxuuhqw uhjlph1 Dv
glvfxvvhg lq Zduqh +4<<9, wkhvh prghov duh qrq0qhvwhg dqg lw lv qrw reylrxv krz
rqh vkrxog fkrrvh ehwzhhq wkhp1
Lq wkh iroorzlqj wkh pdlq dwwhqwlrq zloo eh rq +61:,/ ghqrwhg dv PV+2,0DU+&,/
dowkrxjk erwk prghov zloo eh glvfxvvhg1 Wkh Pdunry0vzlwfklqj prgho lv dovr
frpsduhg wr d frqyhqwlrqdo olqhdu DU prgho ri wkh irup




E￿￿}|3￿ n #| +61;,
zkhuh #|  ,,'Efcj2
#1 Wklv vhhpv d qdwxudo ehqfkpdun wr frpsduh zlwk wkh
Pdunry prgho dv +sudfwlfdoo|, doo fryduldqfh vwdwlrqdu| surfhvvhv kdyh dq dxwruh0
juhvvlyh uhsuhvhqwdwlrq/ zklfk fdq eh zulwwhq dv +61;, zkhuh wkh uhvlgxdo #| lv
zklwh qrlvh1
Qrwh wkdw whvwlqj wkh vlqjoh uhjlph prgho lq +61;, djdlqvw wkh vzlwfklqj uhjlph
prgho lq +61:,/ lv sureohpdwlf dqg fdqqrw eh grqh xvlqj wkh vwdqgdug olnholkrrg
udwlr +OU, whvw iudphzrun1 Wkh uhdvrq lv wkdw xqghu wkh qxoo k|srwkhvlv ri +61;,/
wkh wudqvlwlrq suredelolwlhv lq  duh xqlghqwlhg1 Wklv pdnhv wkh dv|pswrwlf lqiru0
pdwlrq pdwul{ vlqjxodu xqghu wkh qxoo/ idlolqj wkh vwdqgdug uhjxodulw| frqglwlrqv
iru frqvwuxfwlqj dq dv|pswrwlf ydolg whvw ri wkh qxoo k|srwkhvlv1 Krzhyhu/ Kdqvhq
+4<<5e/ 4<<9, kdv vxjjhvwhg d whvwlqj dssurdfk wkdw gholyhuv ydolg lqihuhqfh zkhq
xqlghqwlhg qxlvdqfh sdudphwhuv duh suhvhqw xqghu wkh qxoo1: Dq dowhuqdwlyh sur0
fhgxuh uhfrpphqghg e| Kdplowrq +4<<9, lv wr whvw iru srvvleoh plvvshflfdwlrq
ri hdfk ri wkh prghov ri lqwhuhvw1 Wklv pljkw lqyroyh whvwlqj iru vhuldo fruuhodwlrq/
dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw| +DUFK, dqg sdudphwhu lqvwdelolw|1
:Dowhuqdwlyh vroxwlrqv wr wklv lghqwlfdwlrq sureohp kdyh ehhq vxjjhvwhg e| Gdylhv +4<::,/
Jdoodqw +4<::, dqg Eldqfkl dqg ]rhjd +4<<;,1
;\hw dqrwkhu dssurdfk iru frpsdulqj wkh Pdunry0vzlwfklqj prgho zlwk d olqhdu




Wkh gdwd frpsulvhv ri dqqxdo Lfhodqglf JGS gdwd iurp 4<78 wr 4<<; dw 4<<3
sulfhv1; Wkh yduldeoh xvhg lv 433 wlphv wkh orj glhuhqfh ri uhdo JGS1 Wkh ruljlqdo
gdwd lv rewdlqhg iurp Vùjxohjw |uolw kdjwdoqd 4<<8/ sxeolvkhg e| wkh Qdwlrqdo
Hfrqrplf Lqvwlwxwh/ h{fhsw iru wkh shulrg 4<<8 wr 4<<;/ zkhuh wkh gdwd lv rewdlqhg
iurp Kdjwùoxu päqdódulqv/ Mxo| 4<<;/ sxeolvkhg e| wkh Fhqwudo Edqn ri Lfhodqg1
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Iljxuh 41 Uhdo JGS jurzwk 4<7904<<;
Wdeoh 4 jlyhv dq ryhuylhz ri wkhvh shulrgv dqg wkh dyhudjh jurzwk lq hdfk
shulrg1 Dffruglqj wr wkhvh/ wkhuh kdyh ehhq vhyhq uhfhvvlrqv dqg hljkw h{sdqvlrqv
ryhu wkh shulrg dqdo|vhg khuh/ lpso|lqj d exvlqhvv f|foh zlwk d : |hdu shulrglflw|1
Wkh dyhudjh gxudwlrq ri uhfhvvlrqv dffruglqj wr Wdeoh 4 lv derxw 616 |hduv dqg
;Vlqfh txduwhuo| qdwlrqdo dffrxqwv duh qrw dydlodeoh iru Lfhodqg/ dqqxdo gdwd zdv fkrvhq udwkhu
wkdq wu|lqj wr frqvwuxfw txduwhuo| gdwd iurp wkh dqqxdo vhulhv1 Wkh dgydqwdjh ri xvlqj dqqxdo
gdwd lv wkdw xvlqj vrph frqvwuxfwhg txduwhuo| gdwd pd| surgxfh vsxulrxv exvlqhvv f|fohv1 Wkh
glvdgydqwdjh lv/ krzhyhu/ wkdw dqqxdo gdwd pd| revfxuh d vxevwdqwldo dprxqw ri wkh f|folfdo
yduldwlrq lq hfrqrplf dfwlylw|1 Wkxv/ exvlqhvv f|fohv zloo whqg wr kdyh orqjhu gxudwlrq rq
dyhudjh lq dqqxdo gdwd wkdq lq txduwhuo| gdwd1 Hoðdvvrq +4<<;, xvhv frqvwuxfwhg txduwhuo| gdwd
lq dq xqrevhuyhg frpsrqhqw prgho dqg klv uhvxowv vxjjhvw wkdw xvlqj dqqxdo gdwd ohdgv wr d
uhodwlyho| vpdoo orvv ri lqirupdwlrq/ dowkrxjk wkh gxudwlrq ri h{sdqvlrqv dqg frqwudfwlrqv pljkw
eh ryhuvwdwhg1
<Wdeoh 41 Fkurqrorj| ri exvlqhvv f|foh grzqwxuqv
Shulrg Gxudwlrq Dyhudjh jurzwk Ghvfulswlrq ri pdlq vrxufhv
4<7;085 8 0413;( Ghwhulrudwlqj whupv ri wudgh> wkh Nruhdq zdu
4<8908: 5 4147( Ulvlqj rlo sulfhv> wkh Vxh} frq lfw
4<93094 5 4186( Idoolqj vk sulfhv
4<9:09< 6 04185( Idoolqj vk fdwfkhv dqg vk sulfhv
4<:70:8 5 6143( Ghwhulrudwlqj whupv ri wudgh> uvw RSHF fulvlv
4<;50;6 5 03135( Idoolqj vk fdwfkhv
4<;;0<7 : 3176( Idoolqj vk fdwfkhv dqg vk sulfhv
Vrxufhv= Pdjqývvrq dqg Hlqduvvrq +4<;8, dqg Vqéyduu +4<<6,1
wkh dyhudjh gxudwlrq ri dq h{sdqvlrq lv 61; |hduv/ zklfk pd| vxjjhvw dv|pphwulf
exvlqhvv f|fohv/ zlwk h{sdqvlrqv odvwlqj orqjhu wkdq frqwudfwlrqv1 Orrnlqj dw wkh
dyhudjh jurzwk udwh lq wkhvh uhfhvvlrqdu| shulrgv lw lv fohdu wkdw wkh prvw vhyhuh
uhfhvvlrqv rffxuuhg lq 4<9:09</ 4<7;085/ 4<;50;6 dqg 4<;;0<7/ dowkrxjk wkh odvw
rqh lv suredeo| pruh vhyhuh lq whupv ri krz orqj lw odvwhg udwkhu wkdq lq whupv
ri ghfolqh lq rxwsxw +dowkrxjk rxwsxw ghfolqhg e| pruh wkdq 6( lq 4<<5,1 Wklv
uhfhvvlrq fdq lq idfw eh ylhzhg dv wzr mrlqw uhfhvvlrqv/ wkh iruphu gxh wr idoolqj
vk sulfhv dqg fdwfkhv iurp 4<;; wr 4<<4 dqg wkh vhfrqg iurp 4<<5 wr 4<<7 gxh
wr idoolqj vk fdwfkhv1 Wkh ohdvw vhyhuh uhfhvvlrq lv wkh RSHF fulvlv lq 4<:70:8/
zlwk rxwsxw jurzwk rqo| voljkwo| ehorz wkh shulrgv dyhudjh +vhh Wdeoh 5,1<
Dffruglqj wr Wdeoh 4/ wkh grplqdqw vrxufh ri vkrfnv wr wkh Lfhodqglf hfrqrp|
duh iruhljq vkrfnv wkdw dhfw wkh ghpdqg iru Lfhodqglf h{sruw surgxfwv dqg wkh
whupv ri wudgh1 Wklv lv frquphg lq d vwuxfwxudo yhfwru dxwruhjuhvvlyh dqdo|vlv e|
Jxópxqgvvrq hw do1 +5333,1 Rqo| wkuhh vkrfnv fdq eh ghvfulehg dv grphvwlf uhdo
vkrfnv= 4<9:04<9;/ 4<;504<;6 dqg 4<;;1 Wkhvh vkrfnv kdyh/ krzhyhu/ ehhq wkh
prvw vhyhuh rqhv1 Vhh Jxópxqgvvrq dqg Hlqduvvrq +4<;:, iru d pruh ghwdlohg
glvfxvvlrq1
Wdeoh 5 uhsruwv vrph ghvfulswlyh vwdwlvwlfv iru uhdo JGS jurzwk iru wkh shulrg
4<7904<<; dqg iru wzr vxeshulrgv1 Ryhu wkh zkroh shulrg wkh xqfrqglwlrqdo phdq
jurzwk lv 61<( zlwk d vwdqgdug ghyldwlrq ri ryhu 7(1 Lw lv wkhuhiruh hylghqw wkdw
wkhuh kdv ehhq d vxevwdqwldo  xfwxdwlrq lq JGS jurzwk ryhu wkh zkroh shulrg1 Lq
idfw/ Jxópxqgvvrq hw do1 +5333, vkrz wkdw rxwsxw kdv  xfwxdwhg pruh lq Lfhodqg
wkdq lq rwkhu lqgxvwuldo frxqwulhv1 Wkh| dovr qg wkdw wkh Lfhodqglf exvlqhvv f|foh
lv pruh ru ohvv lqghshqghqw ri wkh exvlqhvv f|foh lq rwkhu lqgxvwuldo frxqwulhv1
Wdeoh 5 dovr lqglfdwhv wkdw wkh dyhudjh jurzwk udwh kdv idoohq ryhu wkh shulrg
dqg  xfwxdwhv ohvv wkdq lq wkh hduolhu shulrg/ dv lq Jxópxqgvvrq hw do1 +5333,1
<Wkh vhfrqg RSHF fulvlv lq 4<:<0;3/ zkhuh rxwsxw urvh e| pruh wkdq 8(/ grhv qrw uhjlvwhu
dv d exvlqhvv f|foh grzqwxuq lq Lfhodqg dv lw frlqflghg zlwk d vxevwdqwldo lqfuhdvh lq vk fdwfkhv1
43Wdeoh 51 Ghvfulswlyh vwdwlvwlfv
4<7904<<; 4<7904<:5 4<:604<<;
Phdq 61<6( 7179( 616:(
Vwdqgdug ghyldwlrq 7159( 8153( 6134(
Plqlpxp 08196( 08196( 06168(
Pd{lpxp 4715<( 4715<( ;179(
Revhuydwlrqv 86 5: 59
Xqlw urrw whvw 0514;7 0618<< 041<39
Qrwh=W k hx q l wu r r ww h v wl vw k hG l f n h |d q gI x o o h u+ 4 < : < ,w h v wi r u
d vlqjoh xqlw urrw lq rxwsxw1 Wkh uhjuhvvlrqv lqfoxgh d frqvwdqw/
d wuhqg dqg odjjhg jurzwk udwhv +4 odj iru wkh shulrg 4<7904<<;
dqg 4<7904<:5 exw qrqh iru wkh shulrg 4<:604<<;,1 Wkh dowhuqdwlyh
k|srwkhvlv lv wkhuhiruh wkdw rxwsxw lv wuhqg vwdwlrqdu|1 Wkh fulwlfdo
ydoxhv duh 0617<: +8(, dqg 071475 +4(, dqg duh rewdlqhg iurp
PdfNlqqrq +4<<4,1
Ilqdoo|/ d xqlw urrw lq wkh dxwruhjuhvvlyh uhsuhvhqwdwlrq ri wkh orj ri uhdo rxwsxw
fdqqrw eh uhmhfwhg1 Wklv lpsolhv wkdw rxwsxw kdv d vwrfkdvwlf wuhqg/ wkxv vxs0
sruwlqj wkh qglqjv lq Qhovrq dqg Sorvvhu +4<;5,1 Dowkrxjk wkh vwdwlvwlfdo srzhu
ri wkh xqlw urrw whvw lv qrwrulrxvo| orz/ wklv dw ohdvw lpsolhv wkdw vkrfnv wr rxwsxw
duh yhu| shuvlvwhqw1
7151 D vlpsoh dxwruhjuhvvlyh prgho
Hvwlpdwlqj d vlpsoh DU+&, prgho iru wkh shulrg 4<79 wr 4<<; zlwk & '2jlyhv
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Wkhuh lv qr hylghqfh ri vhuldo fruuhodwlrq ru DUFK hhfwv lq wkh uhvlgxdo1
Wkhuh lv/ krzhyhu/ hylghqfh ri sdudphwhu lqvwdelolw| xvlqj Kdqvhq*v +4<<5d, whvwv
iru lq0vdpsoh sdudphwhu vwdelolw|1 Wklv vxjjhvwv wkdw wkh olqhdu DU+5, prgho lv
plvvshflhg dqg wkdw d qrq0olqhdu prgho/ vxfk dv wkh Pdunry0vzlwfklqj prgho/
pd| eh d pruh dssursuldwh uhsuhvhqwdwlrq ri wkh gdwd1
Wkh hvwlpdwhg DU+5, prgho kdv frpsoh{ hljhqydoxhv jlyhq e| wkh frqmxjdwh
sdlu f2 	 f. zlwk prgxoxv htxdo wr 31761 Wklv lpsolhv d g|qdplf pxowlsolhu
43Wkh DLF lqirupdwlrq fulwhulrq vxjjhvwv d wzr odj prgho udwkhu wkdq d rqh odj prgho1 Wkh
DU+5, prgho zdv dovr fkrvhq wr fruuhvsrqg wr wkh odj ohqjwk ri wkh Pdunry0vzlwfklqj prgho
ehorz1
44wkdw iroorzv d sdwwhuq ri gdpshg rvfloodwlrq zlwk iuhtxhqf| htxdo wr 41351 Wkh
f|fohv dvvrfldwhg zlwk wkh g|qdplf pxowlsolhuv kdyh d shulrg ri 9141 Wkxv/ wkh
DU+5, prgho lq +714, lpsolhv +iru d jlyhq vkrfn, d f|foh zlwk d 9 |hdu shulrglflw|1
Wkh hvwlpdwhv lqglfdwh wkdw lqqrydwlrqv wr rxwsxw duh yhu| shuvlvwhqw/ dv vxj0
jhvwhg e| wkh xqlw urrw whvwv deryh1 D 4( xqdqwlflsdwhg lqfuhdvh lq rxwsxw zloo
lqfuhdvh wkh rswlpdo iruhfdvw ri +|n￿ iru  $4e| 4169(1 Li rxwsxw zdv wuhqg
vwdwlrqdu| wkh lpsolhg uhylvlrq ri wkh rxwsxw iruhfdvw vkrxog eh }hur1 Wkhvh uh0
vxowv duh frqvlvwhqw zlwk wkh uhvxowv rewdlqhg e| Fdpsehoo dqg Pdqnlz +4<;:,/
dqg lpso| d grplqdqw shupdqhqw frpsrqhqw lq rxwsxw144
7161 Wkh Pdunry0vzlwfklqj DU prgho
Wkh hvwlpdwlrq ri wkh Pdunry0vzlwfklqj DU prgho hqwdlov d qxphulfdo pd{lpl}d0
wlrq ri wkh frqglwlrqdo olnholkrrg ixqfwlrq wr rewdlq hvwlpdwhv ri wkh dxwruhjuhvvlrq
dqg wudqvlwlrq suredelolwlhv1 Wkh lwhudwlyh surfhgxuh xvhg khuh lv edvhg rq wkh
HP dojrulwkp ri Ghpsvwhu hw do1 +4<::,/ dv uvw vxjjhvwhg e| Kdplowrq +4<<3,1
Wklv dojrulwkp lv ghvljqhg iru d jhqhudo fodvv ri prghov zkhuh wkh revhuyhg wlph
vhulhv ghshqgv rq vrph xqrevhuydeoh vwrfkdvwlf yduldeoh  wkh uhjlph yduldeohv r|
lq wkh Pdunry0vzlwfklqj prgho1
Wdeoh 6 uhsruwv wkh pd{lpxp olnholkrrg hvwlpdwhv ri wkh sdudphwhuv ri PV+5,0
DU+&,z l w k& '2 1 Wkh prgho zdv dovr hvwlpdwhg iru & 'dqg rq wkh edvlv ri wkh
U lqirupdwlrq fulwhuld d wzr odj prgho zdv fkrvhq1 Dv h{shfwhg/ wkh hvwlpdwhg
jurzwk udwh iru wkh wzr vwdwhv fdq eh dvvrfldwhg zlwk vorz dqg idvw jurzwk vwdwhv
iru wkh Lfhodqglf hfrqrp|1 Wkh uhfhvvlrqdu| uhjlph kdv d phdq jurzwk udwh ri
319( +>f ' kf*E/ exw wklv jurzwk udwh lv qrw vljqlfdqwo| glhuhqw iurp }hur1
Wkh uhfhvvlrqdu| vwdwh fdq wkhuhiruh eh vdlg wr fruuhvsrqg wr d vwdwh ri vwdjqdwlrq1
Wkh h{sdqvlrqdu| vwdwh/ rq wkh rwkhu kdqg/ kdv d phdq jurzwk udwh ri 91;(
+>￿ ' k￿*E1
Wkh dxwruhjuhvvlyh sdudphwhuv wxuq rxw wr eh txlwh vpdoo dqg lq idfw duh qrw
vljqlfdqwo| glhuhqw iurp }hur1 Wklv vxjjhvwv wkdw wkh g|qdplfv ri Lfhodqglf
rxwsxw jurzwk duh ehwwhu fdswxuhg e| uhfxuuhqw vkliwv ehwzhhq wkh uhfhvvlrqdu|
dqg h{sdqvlrqdu| uhjlphv wkdq e| wkh g|qdplfv lpsolhg e| wkh dxwruhjuhvvlyh
uhsuhvhqwdwlrq1 Wkh txdqwlwdwlyh lpsruwdqfh ri wkh Pdunry surfhvv fdq dovr eh
vhhq e| fdofxodwlqj wkh iudfwlrq ri wkh wrwdo yduldwlrq ri rxwsxw jurzwk h{sodlqhg
e| wkh Pdunry surfhvv1 Dffruglqj wr wkh hvwlpdwhv lq Wdeoh 6 wkh yduldqfh ri
wkh Pdunry surfhvv lv <1: zklfk dprxqwv wr derxw 87( ri wkh wrwdo yduldwlrq ri
jurzwk lq uhdo JGS145
44Wklv uhvxow lv irxqg urexvw wr prghov doorzlqj ulfkhu g|qdplfv1 Iru h{dpsoh/ dq DUPD+4/5,
vxjjhvwv d 4196( lqfuhdvh lq wkh rswlpdo iruhfdvw1
45Wkh yduldqfh ri wkh Pdunry surfhvv lv fdofxodwhg dv YDU+vw,@+ 4  3,5+4  ,1
45Wdeoh 61 PO hvwlpdwhv ri PV+5,0DU+5,












Qrwh= gl lv wkh h{shfwhg gxudwlrq ri uhjlph l1W k h
vwdqgdug huuruv ri gl duh fdofxodwhg xvlqj d Wd|oru
dssur{lpdwlrq1 Wkxv/ iru d uhfhvvlrq/ YDU+g3,@
i3+s,5YDU+s,/z k h u hi+s,@4 @+4  s,1
Wkh hvwlpdwhv ri wkh wudqvlwlrq suredelolwlhv lqglfdwh wkdw wkh suredelolw| ri
uhpdlqlqj lq d uhfhvvlrq qh{w |hdu lv derxw :3(/ zkhuhdv wkh suredelolw| ri uhpdlq0
lqj lq d h{sdqvlrq lv derxw :7(1 Wkxv/ erwk uhjlphv duh irxqg txlwh shuvlvwhqw1
Dqrwkhu zd| wr vhh wklv lv wr fdofxodwh wkh h{shfwhg gxudwlrq ri d w|slfdo uhfhvvlrq
ru h{sdqvlrq/ zklfk lv hdvlo| rewdlqhg iurp wkh pd{lpxp olnholkrrg hvwlpdwhv1









Wkxv/ wkh h{shfwhg gxudwlrq ri d uhfhvvlrq lv 617 |hduv/ zkhuhdv wkh h{shfwhg
gxudwlrq ri dq h{sdqvlrq lv 61< |hduv1 Wklv fdq eh frpsduhg wr wkh dyhudjh 616
dqg 61; |hduv gxudwlrq iurp Wdeoh 41 Wklv pljkw lpso| wkdw wkh exvlqhvv f|foh lv
dv|pphwulf/ zlwk h{sdqvlrqv kdylqj d orqjhu h{shfwhg gxudwlrq wkdq uhfhvvlrqv/
dowkrxjk wkh hvwlpdwhg vwdqgdug huuruv lqglfdwh wkdw wkh lpsolhg gxudwlrqv duh
qrw vljqlfdqwo| glhuhqw iurp hdfk rwkhu1 Wkh pd{lpxp olnholkrrg hvwlpdwhv
wkhuhiruh vxjjhvw d exvlqhvv f|foh zlwk d : |hdu shulrglflw|/ mxvw dv lq Wdeoh 41
Wkh wdeoh dovr uhsruwv wkh hujrglf suredelolwlhv1 Wkh hvwlpdwhv lqglfdwh wkdw
wkh suredelolw| ri ehlqj lq wkh uhfhvvlrqdu| uhjlph/ Z ' hEr| 'f  /l vd e r x w7 9 ( /
lqghshqghqw ri zkdw vwdwh wkh hfrqrp| zdv lq wkh suhylrxv shulrg1
Dq lpsruwdqw lvvxh frqvlghuhg e| Kdplowrq +4<;<, lv wkh fkdqjh lq wkh lqqlwh
46krul}rq iruhfdvw ri uhdo rxwsxw zlwk uhvshfw wr fkdqjhv lq wkh Pdunry vwdwh dqg
wkh dxwruhjuhvvlyh surfhvv1 Wkh shupdqhqw hhfw dwwulexwhg wr wkh dxwruhjuhvvlyh







Wkxv/ d 4( xqdqwlflsdwhg vkrfn wr rxwsxw zloo ohdg wr d 4( uhylvlrq ri rxwsxw
iruhfdvwv ryhu d orqj krul}rq1 Wklv fdq eh frpsduhg wr wkh hvwlpdwh ri 4169(
iurp wkh olqhdu DU+5, prgho1
Wkh fkdqjh lq wkh lqqlwh krul}rq iruhfdvw ri uhdo rxwsxw dwwulexwhg wr wkh
Pdunry surfhvv fdq eh irxqg e| frpsdulqj iruhfdvwv dw wlph | n  dv  $4
zkhq lw lv nqrzq wkdw wkh hfrqrp| lv lq d uhfhvvlrq Er| 'f dqg zkhq lw lv nqrzq
wkdw wkh hfrqrp| lv h{sdqglqj Er| '  1W k l vl vj l y h qe |+ v h hK d p l o w r q /4 < ; < ,
*4
￿<"




zkhuh b  E  R  ^ dqg L| ' i}|c} |3￿cj lv wkh lqirupdwlrq vhw dw wlph |1
Wkxv/ shuihfw nqrzohgjh wkdw wkh hfrqrp| kdv jrqh lqwr d uhfhvvlrq lv dvvrfldwhg
zlwk d 8( shupdqhqw gurs lq wkh lqqlwh krul}rq iruhfdvw ri wkh ohyho ri uhdo
rxwsxw1 Lqirupdwlrq derxw wkh vwdwh ri wkh hfrqrp| dw wlph | wkhuhiruh kdv d
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Iljxuh 51 Vprrwkhg suredelolw| ri d uhfhvvlrq/ hEr| 'fmLA 
Iljxuh 5 sorwv wkh vprrwkhg suredelolwlhv ri ehlqj lq wkh uhfhvvlrqdu| vwdwh/
hEr| 'fmLA /z k h u hLA lv wkh ixoo lqirupdwlrq vhw1 Djdlq/ wkh vkdghg duhdv gh0
qrwh wkh uhfhvvlrqdu| shulrgv iurp Wdeoh 4146 Wkh jxuh vkrzv wkdw wkh dojrulwkp
46Lw vkrxog eh hpskdvl}hg wkdw wkh Pdunry0vzlwfklqj prgho grhv qrw wu| wr w wkh exvlqhvv
f|foh fkurqrorj| iurp Wdeoh 41 Udwkhu/ wkh gdwlqjv iurp Wdeoh 4 duh xvhg dv d gldjqrvwlf wrro wr
yhuli| wkdw wkh prgho*v skdvh fkurqrorj| lv urxjko| frqvlvwhqw zlwk zkdw lv jhqhudoo| frqvlghuhg
dv wkh exvlqhvv f|foh1
47Wdeoh 71 Exvlqhvv f|foh gdwlqjv iurp wkh PV+5,0DU+5, prgho









pdwfkhv wkh gdwlqjv iurp Wdeoh 4 yhu| zhoo1 Wkh vprrwkhg suredelolwlhv vxjjhvw
wkdw wkh uhfhvvlrq lq 4<93094 dfwxdoo| vwduwhg d |hdu hduolhu/ wkh uhfhvvlrq vwduwlqj
lq 4<:7 rqo| rffxuulqj lq 4<:8/ d vpdoo uhfhvvlrq lq 4<;8 dqg wkdw wkh uhfhvvlrq
hqglqj lq 4<<7 hqgv d |hdu odwhu1 Wkh owhuhg suredelolw|/ hEr| 'f mL|/ jdyh
sudfwlfdoo| wkh vdph uhvxowv147
Lw vkrxog eh qrwhg wkdw wkh dojrulwkp xvxdoo| jlyhv yhu| vwurqj vljqdov iru
lghqwli|lqj zkhq wkh hfrqrp| lv lq d uhfhvvlrq1 Rqo| rq irxu rffdvlrqv zdv wkh
vprrwkhg suredelolw| ehwzhhq 63 dqg :3(= 4<89/ 4<93/ 4<;5 dqg 4<;7148 Wklv
vxjjhvwv wkdw wkh owhu fdswxuhv wkh pdlq sduw ri wkh xqghuo|lqj sdwwhuq lq wkh
gdwd ri glfkrwrprxv vkliwv ehwzhhq wkh vorz dqg idvw jurzwk uhjlphv1
Wdeoh 7 vxppdul}hv wkh exvlqhvv f|foh gdwlqjv jhqhudwhg e| wkh pd{lpxp
olnholkrrg hvwlpdwhv1 Wkh gdwlqjv duh edvhg rq wkh phwulf wkdw jlyhq wkh gdwd
vhw LA/ wkh hfrqrp| lv pruh olnho| wr eh lq d uhfhvvlrq/ wkdw lv shulrgv zkhuh
hEr| 'f mLA  : fD +vhh Kdplowrq/ 4<;<,1 Dv glvfxvvhg deryh/ wkh gdwlqjv
odujho| fruuhvsrqg wr wkh gdwlqjv lq Wdeoh 41
Ilqdoo|/ Iljxuh 6 sorwv rxwsxw jurzwk dorqj zlwk wkh hvwlpdwhg phdq jurzwk
iurp wkh Pdunry0vzlwfklqj prgho/ >r|1 Wkh jxuh dovr sorwv wkh Pdunry uhfhvvlrq0
du| gdwhv iurp Wdeoh 7 lq vkdghg duhdv1 Lw vkrzv krz zhoo wkh vkliwv ehwzhhq wkh
uhfhvvlrqdu| dqg h{sdqvlrqdu| uhjlphv fdswxuh wkh exvlqhvv f|foh g|qdplfv ri uhdo
47Wkh pd{lpxp olnholkrrg hvwlpdwhv jlyhv wkuhh glhuhqw w|shv ri suredelolw| phdvxuhv ri d
uhfhvvlrq lq shulrg w/ zklfk glhu lq wkh lqirupdwlrq wkh| frqglwlrq rq1 Wkh vprrwk suredelolw|/
Su+vw @3mLW ,/ frqglwlrqv rq wkh ixoo vdpsoh lqirupdwlrq dqg lv xvhixo iru exvlqhvv f|foh gdwlqj1
Wkh owhu suredelolw|/ Su+vw @3mLw,/ frqglwlrqv rq wkh frqwhpsrudqhrxv lqirupdwlrq vhw dqg lv
xvhixo iru hydoxdwlqj wkh vwuhqjwk ri wkh frqwhpsrudqhrxv vljqdo ri d uhfhvvlrq1 Ilqdoo|/ wkh h{
dqwh suredelolw|/ Su+vw @3mLw￿4,/ frqglwlrqv rq suhylrxv lqirupdwlrq dqg lv xvhixo iru hydoxdwlqj
wkh delolw| ri wkh prgho wr iruhfdvw exvlqhvv f|foh wxuqlqj srlqwv lq uhdo wlph h{huflvhv1 Wkh
fruuhodwlrq ehwzhhq wkh owhu dqg vprrwk suredelolwlhv lv 31<< zkloh wkh fruuhodwlrq ehwzhhq
wkhvh dqg wkh h{ dqwh suredelolw| duh 3179 dqg 317;/ uhvshfwlyho|1
48Wkxv/ wkh dojrulwkp pljkw eh vxjjhvwlqj wkdw wkh uhfhvvlrq lq 4<;50;6 dfwxdoo| vsdqv wkh
shulrg 4<;50;81
48rxwsxw jurzwk/ vxssruwlqj wkh fodlp wkdw uhdo rxwsxw jurzwk lv zhoo fkdudfwhul}hg
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Output growth Mean growth
Iljxuh 61 Rxwsxw dqg phdq jurzwk 4<7;04<<;
716141 Gldjqrvwlf whvwv
Wdeoh 8 uhsruwv gldjqrvwlf whvwv iru wkh PV+5,0DU+5, prgho1 Iluvw/ wkh wdeoh uh0
sruwv vwdelolw| whvwv vxjjhvwhg e| Q|eorp +4<;<,1 Wkhvh whvwv xvh wkh frqglwlrqdo
vfruhv ri wkh olnholkrrg ixqfwlrq zkhuh wkh dowhuqdwlyh k|srwkhvlv lv wkdw wkh sd0
udphwhuv iroorz d pduwlqjdoh vhtxhqfh1 Wkh uvw whvw uhsruwv d frqvwdqf| whvw
iru wkh wudqvlwlrq suredelolwlhv/ l1h1 wkh iuhh sdudphwhuv lq 1W k h q x p e h u r i
uhvwulfwlrqv iru wklv whvw lv jlyhq e| oEo   ' 21 Wkh vhfrqg whvw whvwv zkhwkhu
wkh lqwhufhsw yhfwru Ekfck ￿￿ lv frqvwdqw ryhu wlph1 Wkh qxpehu ri uhvwulfwlrqv
whvwhg lv jlyhq e| o '2 1 Wkh wklug whvw whvwv zkhwkhu wkh hvwlpdwhg yduldqfh lv
frqvwdqw ryhu wlph1 Wkh qxpehu ri uhvwulfwlrqv whvwhg lv 1 Ilqdoo|/ d frqvwdqf|
whvw iru wkh prgho lq d jlyhq vwdwh lv uhsruwhg1 Wkh qxpehu ri uhvwulfwlrqv whvwhg
lq wklv fdvh lv jlyhq e| & n2'e 1
Wkhvh whvwv kdyh qrq0vwdqgdug olplwlqj glvwulexwlrqv/ exw fulwlfdo ydoxhv duh
wdexodwhg lq Q|eorp +4<;<,1 Dv lw lv qrw fohdu zkhwkhu wkh dv|pswrwlf wkhru|
xvhg e| Q|eorp +4<;<, dssolhv wr Pdunry0vzlwfklqj prghov/ wkhvh whvwv vkrxog
rqo| eh lqwhusuhwhg dv ehlqj lqglfdwlyh1 Wkh uhvxowv lq Wdeoh 8 vkrz qr hylghqfh
ri lqvwdelolw| ri wkh hvwlpdwhg sdudphwhuv/ dowkrxjk wkhuh lv vrph lqglfdwlrq ri
lqvwdelolw| ri wkh lqwhufhsw yhfwru dw wkh <8( fulwlfdo ohyho exw wkh qxoo ri frqvwdqw
lqwhufhsw yhfwru lv qrw uhmhfwhg dw wkh <<( ohyho1 Wklv frxog vxjjhvw vrph lqvwdelo0
lw| lq wkh lqwhufhsw yhfwru/ qrw fdswxuhg e| wkh Pdunry0vzlwfklqj lqwhufhswv1 Rqh
srwhqwldo h{sodqdwlrq/ orrnlqj dw Iljxuh 6/ lv d ghfolqh lq wkh kljk jurzwk udwh >2
lq wkh shulrg vlqfh wkh hduo| 4<:3v/ suredeo| gxh wr d surgxfwlylw| vorzgrzq lq
wkh odwwhu kdoi ri wkh vdpsoh149
49D wkuhh0uhjlph Pdunry0vzlwfklqj prgho zlwk vw @+ 3 =6>8=8>;=;, vxssruwv wklv fodlp1 Lq
49Wdeoh 81 Gldjqrvwlf whvwv iru PV+5,0DU+5,
Vwdelolw| whvwv
Wudqvlwlrq suredelolwlhv 3147; 413:7d 31:7;e
Lqwhufhsw yhfwru +3> 4,3 31;69 413:7d 31:7;e
Yduldqfh 3149: 31:76d 31794e
Htxdwlrq lq vwdwh 3 31;:; 41956d 4156:e
Htxdwlrq lq vwdwh 4 31;78 41956d 4156:e
Xqfruuhodwhg Pdunry fkdlq





Kljkhu0rughu Pdunry fkdlq 31493 31<8;f
Qrwh= Wkh vwdelolw| whvwv duh vxjjhvwhg e| Q|eorp +4<;<,/ xvlqj wkh frqglwlrqdo
vfruhv ri wkh olnholkrrg ixqfwlrq/ whvwlqj iru vwdelolw| ri wkh wudqvlwlrq sured0
elolwlhv/ wkh lqwhufhsw/ wkh uhvlgxdo yduldqfh dqg wkh htxdwlrq lq d jlyhq vwdwh1
Wkh whvw iru xqfruuhodwhg Pdunry fkdlq uhsruwv d Zdog whvw dqg d I0yhuvlrq
ri wkh whvw1 Wkh plvvshflfdwlrq whvwv duh I0dssur{lpdwlrqv ri wkh frqglwlrqdo
vfruhv whvwv glvfxvvhg lq Kdplowrq +4<<9,1 Xqghu wkh qxoo k|srwkhvlv wkh| duh
glvwulexwhg dv I+p>79,/z k h u hp htxdov 7/ 4 dqg 7 uhvshfwlyho|1 d/ e <<(/ <8(
fulwlfdo ydoxhv iurp Q|eorp +4<;<,1 f S0ydoxhv1
Wkh vhfrqg sduw ri Wdeoh 8 whvwv zkhwkhu wkh Pdunry fkdlq lv xqfruuhodwhg/
l1h1 wkh k|srwkhvlv wkdw hEr| '  mr|3￿ ' ' h E r| ' 1 Wklv whvwv zkhwkhu wkh
wudqvlwlrq suredelolwlhv htxdo wkh +orqj0uxq, hujrglf suredelolwlhv/ l1h1 zkhwkhu
wkh suredelolw| ri vwd|lqj lq d sduwlfxodu vwdwh lv wkh vdph dv wkh suredelolw|
ri uhwxuqlqj wr lw iurp doo rwkhu vwdwhv1 Dq dowhuqdwlyh zd| wr ghvfuleh wkhvh
uhvwulfwlrq lv wr qrwh wkdw wklv lpsolhv wkdw Rn^ ' / l1h1 wkh uhjlph suredelolwlhv
iroorz d Ehuqrxool surfhvv lqvwhdg ri d Pdunry surfhvv1 Wkh wdeoh uhsruwv d Zdog
whvw iru wklv k|srwkhvlv dqg d 80dssur{lpdwlrq ri wkh Zdog whvw1 Wkh qxpehu ri
uhvwulfwlrqv lv jlyhq e| Eo  2 ' 1 Wkh Zdog whvw uhmhfwv dw wkh <8( fulwlfdo
ohyho dqg wkh 80whvw lv forvh wr uhmhfwlqj1
Ilqdoo|/ Wdeoh 8 uhsruwv wkuhh plvvshflfdwlrq whvwv iru wkh Pdunry0vzlwfklqj
prgho vxjjhvwhg e| Kdplowrq +4<<9,1 Wkhvh whvwv duh edvhg rq wkh frqglwlrqdo
wklv prgho/ wkh frqwudfwlrqdu| skdvh uhpdlqv odujhoo| xqfkdqjhg iurp wkh wzr0uhjlph prgho/
zkhuhdv wkh h{sdqvlrqdu| skdvh lv vsolw lqwr wzr skdvhv= rqh kljk jurzwk dqg rqh h{wuhph
jurzwk uhjlph/ zlwk wkh h{wuhph jurzwk uhjlph rffxuulqj lq 4<86088/ 4<8; dqg 4<950991 Wkh
kljk jurzwk uhjlph frlqflghv zlwk wkh h{sdqvlrqdu| uhjlph lq doo wkh odwwhu h{sdqvlrqdu| shulrgv
iurp wkh PV+5,0DU+5, prgho1
4:vfruhv ri wkh olnholkrrg ixqfwlrq dqg duh 80dssur{lpdwlrqv sursrvhg e| Qhzh|
+4<;8,/ Wdxfkhq +4<;8, dqg Zklwh +4<;:, dv vxjjhvwhg e| Kdplowrq*v +4<<9,
Prqwh Fduor uhvxowv1 Wkh uvw whvw whvwv iru uvw0rughu dxwrfruuhodwlrq lq wkh
uhvlgxdo dqg lpsrvhv o2 'euhvwulfwlrqv rq wkh prgho1 Wkh vhfrqg whvwv iru
uvw0rughu DUFK hhfwv lq wkh uhvlgxdo dqg lpsrvhv 4 uhvwulfwlrq rq wkh prgho1
Ilqdoo|/ wkh Pdunry whvw whvwv wkh vshflfdwlrq ri wkh uvw0rughu Pdunry fkdlq/
wkdw lv zkhwkhu hEr| '  mr|3￿ '  ' hEr| '  mr|3￿ ' cr|32 ' 1W k l v w h v w
lpsrvhv 2o 'euhvwulfwlrqv rq wkh prgho1 Lq qr fdvhv gr wkh whvw vwdwlvwlfv uhmhfw
wkh qxoo k|srwkhvlv ri d fruuhfwo| vshflhg prgho1
716151 Dowhuqdwlyh Pdunry0vzlwfklqj prghov
Wdeoh 9 uhsruwv hvwlpdwlrq ri dowhuqdwlyh vshflfdwlrqv ri wkh Pdunry0vzlwfklqj
prgho1 Prgho 4 lv wkh fhqwhuhg Pdunry0vzlwfklqj prgho lq +619,1 Dv vhhq lq wkh
wdeoh wklv dowhuqdwlyh vshflfdwlrq ri wkh Pdunry0vzlwfklqj prgho jlyhv doprvw
lghqwlfdo uhvxowv wr wkh suhylrxv prgho1 Wkh uhdvrq lv wkdw wkh dxwruhjuhvvlyh
sdudphwhuv duh txlwh vpdoo dqg doprvw vxp wr }hur/ lpso|lqj wkdw kr|  >r|1W k h
fhqwhuhg prgho/ krzhyhu/ vxjjhvwv wkdw wkh h{shfwhg gxudwlrq ri dq h{sdqvlrqdu|
skdvh lv ryhu 8 |hduv/ zklfk pljkw vhhp lpsodxvleo| orqj14: Lw zrxog eh srvvleoh
wr xvh irupdo qrq0qhvwhg OU whvwv/ vxfk dv lq Yxrqj +4<;<,/ wr wu| wr glvwlqjxlvk
ehwzhhq wkh wzr prghov/ exw dv hylghqw iurp wkh orj0olnholkrrg vxfk whvwv zrxog
doprvw vxuho| eh qrq0vljqlfdqw1
Wkh Pdunry0vzlwfklqj prgho lq Wdeoh 6 lpsolhv wkdw wkh uhjlph surfhvv r| lv
srvlwlyho| vhuldoo| fruuhodwhg/ l1h1 dq h{sdqvlrqdu| vwdwh lv olnho| wr eh iroorzhg
e| dqrwkhu h{sdqvlrqdu| vwdwh/ dqg ylfh yhuvd1 Prgho 5 lq Wdeoh 9/ krzhyhu/
uhvwulfwv wkh Pdunry0surfhvv wr eh vhuldoo| xqfruuhodwhg vr wkdw wkh suredelolw|
ri ehlqj lq d jlyhq uhjlph lv lqghshqghqw ri wkh suhylrxv vwdwh1 Iurp Wdeoh 7
wkhvh uhvwulfwlrqv vhhp wr eh uhmhfwhg exw rqo| pdujlqdoo|1 Wklv prgho lv dovr ri
lqwhuhvw dv wklv lv wkh vlpsoh vzlwfklqj prgho vxjjhvwhg e| Kdqvhq +4<<5e,1 Wkh
sdudphwhu hvwlpdwhv duh yhu| vlplodu wr wkh hvwlpdwhv lq Wdeoh 6/ h{fhsw wkdw wkh
uhjlphv duh ohvv shuvlvwhqw1 Frpsdulqj wkh orj0olnholkrrg zlwk wkh rqh rewdlqhg lq
Wdeoh 6 vxjjhvwv wkdw wkh Pdunry0vzlwfklqj prgho lq Wdeoh 6 lv vrphzkdw vxshulru
lq ghvfulelqj wkh gdwd wr wkh vlpsoh vzlwfklqj prgho1 D OU whvw iru wkh uhvwulfwlrq
Rn^ 'jlyhv 2E ' S zlwk d S0ydoxh ri 3138;/ uhmhfwlqj wkh vlpsoh vzlwfklqj
prgho dw wkh 9( fulwlfdo ohyho1
Ixuwkhu jhqhudol}dwlrqv ri wkh Pdunry0vzlwfklqj prgho duh dovr srvvleoh1 Wdeoh
9 uhsruwv d Pdunry0vzlwfklqj prgho zkhuh wkh lqwhufhsw dqg wkh dxwruhjuhvvlyh
4:Wkh pdlq uhdvrq iru wklv uhvxow lv wkdw wkh fhqwhuhg Pdunry prgho dvvljqv uhodwlyho| orz
suredelolw| wr wkh uhfhvvlrq lq 4<:8/ derxw 73(1 Wkxv/ dffruglqj wr wklv prgho wkhuh lv txlwh
d kljk suredelolw| ri dq h{sdqvlrq suhydlolqj iru wkh shulrg 4<:3 wr 4<;5/ jhqhudwlqj wklv kljk
h{shfwhg gxudwlrq ri wkh h{sdqvlrqdu| vwdwh1
4;Wdeoh 91 Dowhuqdwlyh Pdunry0vzlwfklqj prghov
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sdudphwhuv duh doorzhg wr vzlwfk ehwzhhq vwdwhv +Prgho 6,1 Wklv frxog fdswxuh wkh
qrwlrq wkdw vkrfnv wr rxwsxw duh pruh shuvlvwhqw lq uhfhvvlrqv wkdq lq h{sdqvlrqv1
Wkhuh lv/ krzhyhu/ yhu| olwwoh lpsuryhphqw lq whupv ri wkh orj0olnholkrrg +d OU
whvw jlyhv 2E 2 'f eE S 'f H2, dqg wkh hvwlpdwhg dxwruhjuhvvlyh sdudphwhuv
duh yhu| vlplodu dfurvv uhjlphv1 Rwkhu sdudphwhuv duh xqfkdqjhg1
Ilqdoo|/ Wdeoh 9 uhsruwv d Pdunry vzlwfklqj prgho wkdw doorzv wkh lqwhufhsw
d q gy d u l d q f hr iw k hl q q r y d w l r qs u r f h v v0| wr vzlwfk ehwzhhq vwdwhv +Prgho 7,/
fdswxulqj wkh qrwlrq wkdw uhfhvvlrqv frlqflgh zlwk juhdwhu xqfhuwdlqw| dqg wkxv
juhdwhu  xfwxdwlrqv lq rxwsxw1 Wklv prgho dfwxdoo| ohdgv wr d ghwhulrudwlrq ri wkh
orj0olnholkrrg dqg wkh vwdqgdug huuruv duh odujhu1 Wkhuh zhuh dovr vrph sureohpv
zlwk wkh dojrulwkp hqfrxqwhuhg/ zlwk wkh qdo hvwlpdwhv vrphzkdw vhqvlwlyh wr
wkh lqlwldo ydoxhv fkrvhq/ zlwk qxphulfdo xqghu rz rffxuulqj iru pdq| vwduwlqj
ydoxhv14; Frpsdulqj wkh hvwlpdwhg yduldqfhv ehwzhhq vwdwhv dovr vxjjhvwv wkdw wkh
glhuhqfh lq wkh yduldqfhv ehwzhhq vwdwhv lv kdugo| vljqlfdqw/ exw wklv vkrxog eh
lqwhusuhwhg zlwk fduh jlyhq wkh qxphulfdo sureohpv hqfrxqwhuhg zlwk wklv prgho1
Ryhudoo/ wkhvh uhvxowv/ dqg wkh plvvshflfdwlrq whvwv deryh/ vxjjhvw wkdw wkh
PV+5,0DU+5, prgho lv d uhdvrqdeo| jrrg dssur{lpdwlrq ri wkh xqghuo|lqj gdwd
jhqhudwlqj surfhvv iru uhdo rxwsxw lq wkh shulrg dqdo|vhg khuh1
4;Wklv zdv wkh rqo| prgho vshflfdwlrq zklfk zdv irxqg vhqvlwlyh wr wkh fkrlfh ri lqlwldo
ydoxhv1
4<Wdeoh :1 Vwdqgdugl}hg OU vwdwlvwlfv iru PV+5,0DU+5, prgho
Edqgzlgwk sdudphwhu
OU whvw P @3 P @4 P @5 P @6 P @7
4197; S @3 =:88 S @3 =:78 S @3 =9;4 S @3 =9:5 S @3 =989
Qrwh= Vhh Kdqvhq +4<<9, iru ghwdlov rq wkh edqgzlgwk sdudphwhu1 Wkh uhvxowv
zhuh rewdlqhg xvlqj Euxfh Kdqvhq*v Jdxvv frgh pdunrys=suj zlwk wkh Julg
6 rswlrq ri Kdqvhq +4<<9, dqg xvlqj 4/333 Prqwh Fduor uhsolfdwlrqv1
716161 Whvwlqj wkh Pdunry0vzlwfklqj prgho djdlqvw d vlqjoh0uhjlph prgho
Wklv vhfwlrqv frpsduhv wkh wzr0uhjlph Pdunry0vzlwfklqj prgho djdlqvw wkh vlqjoh0
uhjlph/ dxwruhjuhvvlyh prgho lq +714,1 Wkh whvwlqj surfhgxuh vxjjhvwhg e| Kdqvhq
+4<<5e/ 4<<9, lv xvhg1 Kdqvhq vxjjhvwhg d qrq0vwdqgdug surfhgxuh iru whvwlqj wkh
qxoo ri d vlqjoh0uhjlph prgho djdlqvw d wzr0uhjlph Pdunry0vzlwfklqj prgho wkdw
dyrlgv wkh lghqwlfdwlrq sureohp zklfk dulvhv xvlqj wkh vwdqgdug OU whvw iudph0
zrun/ dv glvfxvvhg deryh1 Wkh surfhgxuh vxjjhvwhg e| Kdqvhq gholyhuv d erxqg
rq wkh dv|pswrwlf glvwulexwlrq ri wkh vwdqgdugl}hg OU whvw/ dqg pd| wkhuhiruh eh
txlwh frqvhuydwlyh/ l1h1 whqglqj wr eh xqghu0vl}hg lq sudfwlfh dqg ri orz srzhu14<
Wkh whvwv vkrxog wkhuhiruh rqo| eh frqvlghuhg dv vxjjhvwlyh iru wkh vdpsoh vl}h
xvhg khuh1
Wdeoh : uhsruwv wkh S0ydoxhv ri wkh vwdqgdugl}hg OU whvw ri d olqhdu DU+5,
prgho djdlqvw wkh PV+5,0DU+5,1 Wkh uhvxowv vxjjhvw wkdw wkh qxoo k|srwkhvlv ri
d vlqjoh uhjlph DU+5, prgho fdqqrw eh uhmhfwhg dqg duh qrw irxqg vhqvlwlyh wr
wkh fkrlfh ri edqgzlgwk sdudphwhu1 Wkxv/ ghvslwh wkh hylghqfh ri qrq0vwdelolw|
ri wkh DU+5, prgho/ wkh gdwd lv qrw deoh wr glvfulplqdwh ehwzhhq wkh DU+5, dqg
PV+5,0DU+5, prghov rq wkh edvlv ri wkh vwdqgdugl}hg OU whvw vwdwlvwlf1 Wklv lv lq
olqh zlwk uhvxowv irxqg rq rwkhu gdwd vhwv/ fi1 Kdqvhq +4<<5e/ 4<<9, dqg Fohphqwv
dqg Nuro}lj +4<<;, iru XV gdwd1
Krzhyhu/ wkh lqdelolw| ri wkh olqhdu DU+5, prgho wr fkdudfwhul}h vrph lp0
sruwdqw dvshfwv ri wkh exvlqhvv f|foh/ vxfk dv wkh revhuyhg dv|pphwu| ehwzhhq
h{sdqvlrqv dqg frqwudfwlrqv lq uhdo JGS/ vxjjhvwv wkdw wkh Pdunry0vzlwfklqj
prgho pd| vwloo eh lpsruwdqw1 Iru iruhfdvwlqj sxusrvhv/ wkh Pdunry0vzlwfklqj
prgho pd| eh ehwwhu htxlsshg iru glvfhuqlqj exvlqhvv f|foh wxuqlqj srlqwv/ vlqfh
wkh olqhdu DU prgho grhv qrw wdnh lqwr dffrxqw wkh iruhfdvwdeoh dv|pphwulhv lq
wkh exvlqhvv f|foh1 Lw lv wkhuhiruh lpsruwdqw wr hydoxdwh wkh prghov rq wkh edvlv
4<Vhh/ iru h{dpsoh Fohphqwv dqg Nuro}lj +4<<;,1 Kdqvhq/ lq idfw/ dujxhv wkdw wklv lv qrw wkh
fdvh/ edvhg rq Prqwh Fduor fdofxodwlrqv ri wkh qlwh vdpsoh vl}h dqg srzhu ri wkh vwdqgdugl}hg
OU whvw1
53ri wkhlu iruhfdvwlqj shuirupdqfh1
81 Iruhfdvwlqj
Wklv qdo vhfwlrq frpsduhv wkh iruhfdvwlqj delolw| ri wkh Pdunry0vzlwfklqj prgho
zlwk wkh vlpsoh/ olqhdu DU dowhuqdwlyh1 Wkh iruhfdvwlqj frpsdulvrq lv edvhg rq
phdq0vtxduh huuru +7., dqg phdq0devroxwh huuru +., orvv ixqfwlrqv/ xvlqj
erwk lq0vdpsoh dqg rxw0ri0vdpsoh iruhfdvwv1 Lw kdv ehhq dujxhg wkdw iruhfdvw shu0
irupdqfh frpsdulvrq edvhg rq phdvxuhv vxfk dv 7. ri uvw prphqw iruhfdvwv
pd| idlo wr glvfulplqdwh ehwzhhq olqhdu dqg qrq0olqhdu prghov hyhq li wkh qrq0
olqhdu prgho lv wkh wuxh gdwd jhqhudwlqj surfhvv/ vhh h1j1 Fohphqwv dqg Vplwk
+4<<;,1 Wkh uhvxowv lq Odp +4<<3,/ Kdplowrq dqg Shuh}0Txlurv +4<<9,/ Fohphqwv
dqg Nuro}lj +4<<;, dqg Fohphqwv dqg Vplwk +4<<;, vkrz wkdw/ lq jhqhudo/ qr fohdu
glvwlqfwlrq fdq eh pdgh ehwzhhq olqhdu dxwruhjuhvvlyh prghov dqg qrq0olqhdu prg0
hov/ vxfk dv wkh Pdunry0vzlwfklqj prgho dqg wkh vhoi0h{flwlqj wkuhvkrog dxwruh0
juhvvlyh +VHWDU, prgho ri Wrqj +4<;6,/ zkhq wkh iruhfdvw frpsdulvrq lv edvhg
rq 7. orvv ixqfwlrqv1
Dq dowhuqdwlyh surfhgxuh iru frpsdulqj wkhvh prghov frxog wkhuhiruh eh edvhg
rq txdolwdwlyh/ gluhfwlrq0ri0fkdqjh vwdwlvwlfv153 Wzr vxfk phdvxuhv ri wkh prghov*
delolw| wr iruhfdvw wkh vwdwh ri wkh exvlqhvv f|foh duh xvhg1 Wkh uvw lv wr frpsduh
wkh Pdunry0vzlwfklqj prgho wr d qdlyh iruhfdvw wkdw suhglfwv d frqvwdqw suredelo0
lw| ri d uhfhvvlrq hyhu| |hdu/ dv vxjjhvwhg e| Kdplowrq dqg Shuh}0Txlurv +4<<9,
dqg Kdplowrq dqg Olq +4<<9,1 Wkh vhfrqg lv wr xvh wkh frqixvlrq udwh vxjjhvwhg
e| Vzdqvrq dqg Zklwh +4<<8,/ zklfk frxqwv wkh qxpehu |hduv wkh prghov suhglfw
wkh gluhfwlrq ri rxwsxw fkdqjhv lq wkh zurqj gluhfwlrq1
8141 Iruhfdvwv xvlqj Pdunry0vzlwfklqj prghov
Lq PV+5,0DU+&, prghov wkh frqglwlrqdo h{shfwdwlrqv/ (E}|n￿mL|/l vj l y h qe |





zlwk lqlwldo ydoxhv e }|n￿￿| ' }|n￿ iru   f1 Wkh suhglfwhg phdq lv jlyhq dv wkh
zhljkwhg dyhudjh ri wkh phdqv iurp wkh uhfhvvlrqdu| dqg h{sdqvlrqdu| uhjlphv/
zkhuh wkh zhljkwv duh wkh suredelolwlhv ri ehlqj lq d jlyhq uhjlph frqglwlrqdo rq
wkh vdpsoh lqirupdwlrq vhw L|
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Wkh suhglfwhg uhjlph suredelolwlhv duh jlyhq e|
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zlwk wkh wudqvlwlrq suredelolwlhv +vhh Kdplowrq/ 4<<7,
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zkhuh b  E  R  ^ 	 / dv ehiruh1
Wkxv/ wkh rswlpdo suhglfwru ri wkh Pdunry0vzlwfklqj prgho lv olqhdu lq wkh
odvw & revhuydwlrqv dqg wkh odvw uhjlph lqihuhqfh/ exw wkhuh h{lvwv qr sxuho| olqhdu
uhsuhvhqwdwlrq ri wkh rswlpdo suhglfwru lq wkh lqirupdwlrq vhw/ vhh Fohphqwv dqg
Nuro}lj +4<<;,1 Qrwh/ krzhyhu/ wkdw wkh rswlpdo iruhfdvwlqj uxoh ehfrphv olqhdu
lq wkh olplw dv wkh uhjlphv ehfrph frpsohwho| xqsuhglfwdeoh1 Wkxv/ wkh wudqvlwlrq
suredelolwlhv frqyhujh wr wkh xqfrqglwlrqdo hujrglf suredelolwlhv
*4
￿<" hEr|n￿ 'fmr| 'f' h E r|n￿ 'f 'Z
Khqfh/ wkh orqj0uxq iruhfdvw iru wkh Pdunry fkdlq zloo eh lqghshqghqw ri wkh
fxuuhqw vwdwh1
8151 Lq0vdpsoh iruhfdvw frpsdulvrq
Lq wklv fdvh wkh prghov duh hvwlpdwhg iru wkh ixoo vdpsoh dqg lq0vdpsoh iruhfdvwv
iru wkh shulrg 4<83 wr 4<<; frqgxfwhg1 Wkuhh iruhfdvwlqj krul}rqv duh xvhg= 4
|hdu/ 5 |hduv dqg 8 |hduv1 Wdeoh ; uhsruwv wkh urrw0phdq0vtxduh huuru +-7.
dqg phdq0devroxwh huuru . iru wkhvh wkuhh iruhfdvwlqj krul}rqv1
Iurp wkh wdeoh lw lv hylghqw wkdw wkh Pdunry0vzlwfklqj prgho kdv vpdoohu
-7.v iru vkruw dqg orqj iruhfdvwlqj krul}rqv exw wkh olqhdu prgho iru wkh
55Wdeoh ;1 Lq0vdpsoh iruhfdvw frpsdulvrq 4<8304<<;
UPVH PDH
Prghov k @4 k @5 k @8 k @4 k @5 k @8
Pdunry0vzlwfklqj prgho 619; 61<7 7144 51;< 6157 6167
Olqhdu prgho 61:; 61<4 714< 613: 615; 6174
Wxuqlqj srlqw suhglfwlrqv
Qdlyh iruhdfdvw Pdunry prgho Olqhdu prgho
WS whvw 3=58 3=54 
FU whvw  3=53 3=53
Qrwh=W k hWS whvw lv wkh wxuqlqj srlqw whvw vxjjhvwhg e| Kdplowrq dqg Shuh}0
Txlurv +4<<9, dqg Kdplowrq dqg Olq +4<<9,1 Wkh FU whvw lv wkh frqixvlrq udwh
whvw vxjjhvwhg e| Vzdqvrq dqg Zklwh +4<<8,1
phglxp whup1 Krzhyhu/ wkh Pdunry0vzlwfklqj prgho jhqhudwhv vpdoohu .v
iru doo krul}rqv1 Krzhyhu/ jlyhq wkh uhodwlyho| vpdoo glhuhqfh ehwzhhq wkh iruh0
fdvw orvv ixqfwlrqv dqg wkh idfw wkdw wkh Pdunry0vzlwfklqj prgho xvhv wkuhh pruh
sdudphwhuv wkdq wkh olqhdu DU prgho/ lw ehfrphv fohdu wkdw wkh glhuhqfhv eh0
wzhhq wkh iruhfdvw orvv ixqfwlrqv duh qrw vwdwlvwlfdoo| vljqlfdqw/ frqvlvwhqw zlwk
wkh lq0vdpsoh frpsdulvrq xvlqj wkh olnholkrrg sulqflsoh deryh1 Wkhvh qglqjv duh
frqvlvwhqw zlwk wkh qglqjv lq sdshuv vxfk dv Fohphqwv dqg Nuro}lj +4<<;,/ zkr
qg wkdw olqhdu DU prghov duh d uhodwlyho| urexvw iruhfdvwlqj ghylfh/ hyhq zkhq
wkh gdwd duh jhqhudwhg iurp qrq0olqhdu prghov1
Dq dowhuqdwlyh hydoxdwlrq fulwhuld iru iruhfdvwlqj shuirupdqfh lv wr frpsduh
wkh prghov* delolw| wr suhglfw exvlqhvv f|foh wxuqlqj srlqwv/ zklfk lv frqfhswx0
doo| vhsdudwh frqfhuq iurp plqlpl}lqj wkh 7. ru wkh . ri d iruhfdvw/ vhh
Kdplowrq dqg Shuh}0Txlurv +4<<9,1 Wdeoh ; uhsruwv wzr phdvxuhv ri wxuqlqj srlqw
suhglfwlrq dffxudf|1 Wkh uvw whvw lv wkh wxuqlqj srlqw whvw vxjjhvwhg e| Kdplo0
wrq dqg Shuh}0Txlurv +4<<9, dqg Kdplowrq dqg Olq +4<<9,/ A1 Wkh| vxjjhvw
xvlqj h{ srvw gdwlqj ri exvlqhvv f|foh grzqwxuqv/ vxfk dv wkrvh iurp Wdeoh 4/ wr
ghwhuplqh wkh wxuqlqj srlqwv1 Wklv whvw frpsduhv wxuqlqj srlqw suhglfwlrqv iurp
wkh Pdunry0vzlwfklqj prgho wr d qdlyh iruhfdvw zklfk dozd|v suhglfwv d frqvwdqw
suredelolw| ri exvlqhvv f|foh grzqwxuqv1 Wr fdofxodwh wklv qdlyh iruhfdvw/ d gxpp|
yduldeoh (| lv frqvwuxfwhg1 (| htxdov xqlw| zkhq wkh hfrqrp| zdv lq d uhfhvvlrq
dffruglqj wr Wdeoh 4 dqg }hur rwkhuzlvh1 Wkh dyhudjh ydoxh ri (| lv 3178/ lpso|lqj
wkdw wkh hfrqrp| lv lq d uhfhvvlrq 78( ri wkh wlph/ dffruglqj wr wkh exvlqhvv f|foh
gdwlqjv lq Wdeoh 41 Wkh qdlyh iruhfdvw zrxog wkhuhiruh eh wkdw wklv uh hfwv wkh
frqvwdqw suredelolw| wkdw wkh hfrqrp| zloo eh lq d uhfhvvlrq qh{w |hdu/ uhjdugohvv
ri fxuuhqw hfrqrplf frqglwlrqv1 Wklv iruhfdvw fdq eh hydoxdwhg rq wkh edvlv ri lwv
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zkhuh f ( 'f eD1 Lq frqwudvw/ wkh Pdunry0vzlwfklqj prgho surylghv dq h{ dqwh
iruhfdvw ri wklv pdjqlwxgh lq wkh irup ri d frqglwlrqdo suredelolw| wkdw wkh xqre0
vhuyhg yduldeoh r| zloo wdnh rq wkh ydoxh }hur frqglwlrqdo rq L|3￿/ hEr| 'fmL|3￿1
Dv vhhq iurp wkh wdeoh wkh ydoxh iru A i r uw k l vi r u h f d v ww x u q vr x ww re h3 1 5 4 /
zkhuhdv wkh ydoxh iru wkh qdlyh iruhfdvw lv 31581 Wklv dprxqwv wr E' f2*f2D
49( lpsuryhphqw ryhu wkh qdlyh iruhfdvw1 Lw lv dovr lqwhuhvwlqj wr qrwh wkdw
wkh delolw| wr suhglfw wxuqlqj srlqwv lqfuhdvhv vxevwdqwldoo| zkhq wkh dgglwlrqdo
lqirupdwlrq iurp L|3￿ wr L| lv lqfoxghg1 Lq wkdw fdvh wkh Pdunry0vzlwfklqj prgho
jlyhv d 89( lpsuryhphqw ryhu wkh qdlyh iruhfdvw1 Dowkrxjk wklv lv qrw d iruhfdvw
vwulfwo| vshdnlqj/ wklv jlyhv dq lghd ri krz ydoxdeoh wkh dgglwlrqdo lqirupdwlrq
iurp |   wr | lv iru hydoxdwlqj exvlqhvv f|foh wxuqlqj srlqwv1
Dq dowhuqdwlyh phdvxuh ri wxuqlqj srlqwv suhglfwlrq delolw| lv wkh frqixvlrq
udwh +-, phdvxuh vxjjhvwhg e| Vzdqvrq dqg Zklwh +4<;8,1 Wklv vlpso| dprxqwv
wr wdnlqj wkh udwlr ri shulrgv lq zklfk wkh Pdunry0vzlwfklqj dqg olqhdu prghov
iruhfdvwhg wkh gluhfwlrq ri rxwsxw jurzwk lq wkh zurqj gluhfwlrq wr wkh wrwdo
qxpehu ri iruhfdvw shulrgv1 Dv vhhq iurp wkh wdeoh/ erwk prghov suhglfw rxwsxw
fkdqjhv lq wkh zurqj gluhfwlrq 53( ri wkh wlph1 Khqfh/ wkh prghov duh htxdoo|
frqixvhg154
8161 Rxw0ri0vdpsoh iruhfdvw frpsdulvrq
Lq0vdpsoh iruhfdvwlqj frpsdulvrq fdq eh plvohdglqj dv dq lqglfdwlrq ri rxw0ri0
vdpsoh iruhfdvwlqj delolw|/ vlqfh lqirupdwlrq lv xwlol}hg wkdw zrxog qrw eh dydlodeoh
iru dfwxdo rxw0ri0vdpsoh iruhfdvwv1 Lw lv wkhuhiruh dovr lpsruwdqw wr frpsduh wkh
prghov rxw0ri0vdpsoh iruhfdvwlqj delolw|1
Gxh wr uhodwlyho| ihz revhuydwlrqv wkh rxw0ri0vdpsoh iruhfdvwlqj frpsdulvrq
lv rqo| frqgxfwhg iru wkh shulrg 4<<4 wr 4<<;1 Dowkrxjk wklv ohdyhv rqo| hljwk
revhuydwlrqv iru frpsdulqj wkh iruhfdvwv/ dqg wkhuhiruh pdnhv wkh uhvxowv ohvv
uholdeoh/ wklv vkrxog jlyh vrph lqglfdwlrqv iru wkh rxw0ri0vdpsoh iruhfdvwlqj delolw|
ri wkh Pdunry0vzlwfklqj prgho1
Wdeoh < frpsduhv rqh0|hdu dkhdg iruhfdvwv iurp wkh Pdunry0vzlwfklqj prgho
wr iruhfdvwv iurp wkh vlpsoh DU+5, prgho iru wkh shulrgv 4<<4 wr 4<<; dqg 4<<6
wr 4<<;/ edvhg rq d vhulhv ri uroolqj uhjuhvvlrq zlqgrzv1 Wkh wdeoh dovr lqfoxghv
54Vzdqvrq dqg Zklwh +4<;8, fdofxodwh wkh suredelolw| wkdw wkh frqixvlrq udwhv ri glhuhqw
iruhfdvwv lv vwdwlvwlfdoo| vljqlfdqw xvlqj wkh k|shujhrphwulf glvwulexwlrq1 Wklv lv qrw grqh khuh
vlqfh wkh frqixvlrq udwhv ri wkh wzr iruhfdvwv hydoxdwhg khuh duh sudfwlfdoo| wkh vdph1
57Wdeoh <1 Rqh0|hdu dkhdg rxw0ri0vdpsoh iruhfdvwv
4<<4  4<<; 4<<6  4<<;
Prghov Eldv UPVH PDH Eldv UPVH PDH
PV+5,0DU+5, prgho 31<: 519: 41;; 03137 418< 414:
DU+5, prgho 4156 51<7 5143 3145 41:4 415;
QHL prgho 04174 5189 5135 05155 51;9 5168
Frqixvlrq udwh Frqixvlrq udwh
PV+5,0DU+5, prgho 3146 3133
DU+5, prgho 3146 3133
QHL prgho 3158 3166
rqh0|hdu dkhdg iruhfdvwv iurp wkh Qdwlrqdo Hfrqrplf Lqvwlwxwh +QHL, pdfurhfrqr0
phwulf prgho/ sxeolvkhg dqqxdoo| lq wkhlu pdfurhfrqrplf rxworrn ámöókdjväéwoxq1
W k hP d u n r y 0 v z l w f k l q jp r g h ok d vw k hv p d o o h v we l d vr id o ow k hw k u h hp r g h o vd q g
vpdoohu -7. dqg . wkdq wkh olqhdu DU prgho lq doo fdvhv1 Frpsduhg
wr wkh QHL prgho/ wkh Pdunry0vzlwfklqj prgho grhv uhdvrqdeo| zhoo1 Lwv eldv
lv vpdoohu dqg lw kdv d vpdoohu orvv edvhg rq d . orvv ixqfwlrq1 Edvhg rq
d 7. orvv ixqfwlrq/ krzhyhu/ wkh QHL prgho grhv ehwwhu1 Wklv lv gxh wr wkh
idloxuh ri erwk dxwruhjuhvvlyh prghov wr suhglfw wkh odujh grzqwxuq lq 4<<51 Wklv
lv dssduhqw zkhq frpsdulqj wkh iruhfdvwv iurp wkh shulrg 4<<6 wr 4<<;/ zkhuh
wkh Pdunry0vzlwfklqj prgho lv irxqg wr shuirup ehvw rq doo dffrxqwv1
Dqdo|vlqj wkh delolw| ri wkh Pdunry0vzlwfklqj prgho wr suhglfw rxw0ri0vdpsoh
wxuqlqj srlqwv lpsolhv wkdw wkh Pdunry0vzlwfklqj prgho jlyhv d 53( lpsuryhphqw
ryhu wkh qdlyh iruhfdvw/ zlwk f ( 'f Df dqg A 'f 2D iru wkh qdlyh iruhfdvw dqg
A 'f 2f iru wkh Pdunry0vzlwfklqj prgho1 Ilqdoo|/ wkh QHL iruhfdvwv kdyh d
odujhu frqixvlrq udwh lq erwk shulrgv1
Ryhudoo/ wkh lq0 dqg rxw0ri0vdpsoh iruhfdvwlqj frpsdulvrq vxjjhvwv wkdw do0
wkrxjk wkh Pdunry0vzlwfklqj prgho kdv pdujlqdoo| vpdoohu iruhfdvw huuruv wkdq
wkh olqhdu dxwruhjuhvvlyh prgho/ wkhuh lv olwwoh wr fkrrvh ehwzhhq wkhvh wzr prghov
rq vwdwlvwlfdo jurxqgv1 Frpsduhg wr wkh rxw0ri0vdpsoh iruhfdvwv pdgh e| wkh Qd0
wlrqdo Hfrqrplf Lqvwlwxwh/ krzhyhu/ wkh Pdunry0vzlwkfklqj prgho vhhpv wr rhu
vrph lpsuryhphqwv/ erwk lq whupv ri phdq devroxwh huuru dqg lq whupv ri iruh0
fdvwlqj exvlqhvv f|foh wxuqlqj srlqwv1 Wkh Pdunry0vzlwfklqj prgho lv dovr deoh
wr lpsuryh rq wxuqlqj srlqw suhglfwlrqv pdgh e| d qdlyh iruhfdvw wkdw dozd|v
suhglfwv d frqvwdqw suredelolw| ri exvlqhvv f|foh grzqwxuqv1
5891 Frqfoxvlrqv
Wklv sdshu prghov wkh exvlqhvv f|foh g|qdplfv ri uhdo JGS lq Lfhodqg dv vwr0
fkdvwlf/ glvfuhwh vkliwv lq wkh orqj0uxq wuhqg ri rxwsxw/ dgghg wr frqyhqwlrqdo
dxwruhjuhvvlyh g|qdplfv/ xvlqj wkh Pdunry0vzlwfklqj prgho ri Kdplowrq +4<;<,1
Wkh hvwlpdwlrq uhvxowv vxjjhvw wkdw wkh Lfhodqglf exvlqhvv f|foh lv ehwwhu fds0
wxuhg e| uhfxuuhqw vkliwv ehwzhhq uhfhvvlrqdu| dqg h{sdqvlrqdu| uhjlphv wkdq e|
wkh g|qdplfv lpsolhg e| dq dxwruhjuhvvlyh uhsuhvhqwdwlrq1 Wkh prgho jhqhudwhv
exvlqhvv f|fohv wkdw fruuhvsrqg txlwh zhoo wr frqyhqwlrqdo zlvgrp frqfhuqlqj wkh
Lfhodqglf exvlqhvv f|foh/ zlwk h{shfwhg gxudwlrq ri w|slfdo h{sdqvlrqv dqg uhfhv0
vlrqv htxdo wr 61< dqg 617 |hduv/ uhvshfwlyho|1 Wkh vkliwv ehwzhhq wkh h{sdqvlrqdu|
dqg frqwudfwlrqdu| uhjlphv dffrxqw iru pruh wkdq kdoi ri wkh revhuyhg yduldwlrq
lq rxwsxw jurzwk dqg wkh uhvxowv lqglfdwh wkdw shuihfw nqrzohgjh ri d pryh iurp
dq h{sdqvlrq wr d uhfhvvlrq lv dvvrfldwhg zlwk d 8( gurs lq wkh orqj0uxq iruhfdvw
o h y h or iu h d oJ G S 1
Frpsdulqj wkh Pdunry0vzlwfklqj prgho wr d frqyhqwlrqdo olqhdu/ dxwruhjuhv0
vlyh prgho uhyhdov wkdw wkh Pdunry0vzlwfklqj prgho fdqqrw eh glvwlqjxlvkhg iurp
wkh olqhdu frxqwhusduw/ edvhg rq wkh olnholkrrg sulqflsoh ru lq0vdpsoh iruhfdvwlqj
delolw|1 Ixuwkhupruh/ edvhg rq rxw0ri0vdpsoh iruhfdvwlqj frpsdulvrq/ wkhuh vhhpv
olwwoh wr fkrrvh ehwzhhq wkhp/ dowkrxjk wkh Pdunry0vzlwfklqj prgho kdv pdu0
jlqdoo| vpdoohu iruhfdvw huuruv1 Frpsduhg wr wkh iruhfdvwv pdgh e| wkh Qdwlrqdo
Hfrqrplf Lqvwlwxwh/ krzhyhu/ wkh Pdunry0vzlwfklqj prgho rhuv vrph lpsuryh0
phqwv lq whupv ri phdq devroxwh huuru dqg lq whupv ri suhglfwlqj exvlqhvv f|foh
wxuqlqj srlqwv1 Wkh Pdunry0vzlwfklqj prgho wkhuhiruh vhhpv wr eh d xvhixo iudph0
zrun iru ghvfulelqj Lfhodqglf exvlqhvv f|foh g|qdplfv/ dqg pd| eh d ydoxdeoh wrro
iru iruhfdvwlqj djjuhjdwh rxwsxw1
Uhihuhqfhv
^4` Ehyhulgjh/ V1 dqg F1 U1 Qhovrq +4<;4,/ D Qhz Dssurdfk wr Ghfrpsrvlwlrq
ri Wlph Vhulhv lq Shupdqhqw dqg Wudqvlwru| Frpsrqhqwv zlwk Sduwlfxodu
Dwwhqwlrq Wr Phdvxuhphqw ri wkh *Exvlqhvv F|foh*/ Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ :/ 4840:71
^5` Eldqfkl/ P1 dqg J1 ]rhjd +4<<;,/ Xqhpsor|phqw Shuvlvwhqfh= Grhv wkh Vl}h
ri wkh Vkrfn PdwwhuB/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 46/ 5;606371
^6` Eodqfkdug/ R1 M1 +4<;4,/ Zkdw lv Ohiw ri wkh Pxowlsolhu0DffhohudwruB/ Dphu0
lfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv/ :4/ 483071
59^7` Exuqvlgh/ F1 +4<<;,/ Ghwuhqglqj dqg Exvlqhvv F|foh Idfwv= D Frpphqw/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 74/ 8460651
^8` Fdpsehoo/ M1 \1 dqg Q1 J1 Pdqnlz +4<;:,/ Duh Rxwsxw Ioxfwxdwlrqv Wudq0
vlwru|B/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 435/ ;8:0;31
^9` Fdqryd/ I1 +4<<;,/ Ghwuhqglqj dqg Exvlqhvv F|foh Idfwv/ Mrxuqdo ri Prq0
hwdu| Hfrqrplfv/ 74/ 7:808451
^:` Fodun/ S1 N1 +4<;:,/ Wkh F|folfdo Frpsrqhqw ri XV Hfrqrplf Dfwlylw|/
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 435/ :<:0;471
^;` Fohphqwv/ P1 S1 dqg K10P1 Nuro}lj +4<<;,/ D Frpsdulvrq ri wkh Iruhfdvw
Shuirupdqfh ri Pdunry0Vzlwfklqj dqg Wkuhvkrog Dxwruhjuhvvlyh Prghov ri
XV JQS/ Hfrqrphwulfv Mrxuqdo/ 4/F 7 : 0 : 8 1
^<` Fohphqwv/ P1 S1 dqg M1 Vplwk +4<<;,/ Hydoxdwlqj wkh Iruhfdvw Ghqvlwlhv ri
Olqhdu dqg Qrq0Olqhdu Prghov= Dssolfdwlrqv wr Rxwsxw Jurzwk dqg Xqhp0
sor|phqw/ Xqlyhuvlw| ri Zduzlfn/ xqsxeolvkhg pdqxvfulsw1
^43` Gdylhv/ U1 E1 +4<::,/ K|srwkhvlv Whvwlqj Zkhq d Qxlvdqfh Sdudphwhu lv
Suhvhqw Rqo| xqghu wkh Dowhuqdwlyh/ Elrphwulnd/ 97/5 7 : 0 8 7 1
^44` Ghpsvwhu/ D1 S1/ Q1 P1 Odlug dqg G1 E1 Uxelq +4<::,/ Pd{lpxp Olnholkrrg
Hvwlpdwlrq iurp Lqfrpsohwh Gdwd yld wkh HP Dojrulwkp/ Mrxuqdo ri wkh
Ur|do Vwdwlvwlfdo Vrflhw| E/ 6</ 406;1
^45` Glfnh|/ G1 D1 dqg Z1 D1 Ixoohu +4<:<,/ Glvwulexwlrq ri wkh Hvwlpdwruv iru
Dxwruhjuhvvlyh Wlph Vhulhv zlwk d Xqlw Urrw/ Mrxuqdo ri wkh Dphulfdq Vwd0
wlvwlfdo Dvvrfldwlrq/ :7/ 75:0641
^46` Glherog/ I1 [1 dqg J1 Uxghexvfk +4<<3,/ D Qrq0Sdudphwulf Lqyhvwljdwlrq ri
Gxudwlrq Ghshqghqfh lq wkh Dphulfdq Exvlqhvv F|foh/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <;/ 8<909491
^47` Glherog/ I1 [1 dqg D1 V1 Vhqkdgml +4<<9,/ Wkh Xqfhuwdlq Xqlw Urrw lq Uhdo
JQS= D Frpphqw/ Dphulfdq Hfrqrplf Uhylhz/ ;9/ 45<40;1
^48` Gul!oo/ M1 dqg P1 Vrod +4<<;,/ Lqwulqvlf Exeeohv dqg Uhjlph0Vzlwfklqj/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 75/ 68:0:61
^49` Hoðdvvrq/ O1 +4<<;,/ Péolqj ä ðvohqvnul kdjvyhl x/ Fhqwudo Edqn ri Lfhodqg/
xqsxeolvkhg pdqxvfulsw1
5:^4:` Ilodugr/ D1 M1 dqg V1 I1 Jrugrq +4<<;,/ Exvlqhvv F|foh Gxudwlrqv/ Mrxuqdo
ri Hfrqrphwulfv/ ;8/ <<04561
^4;` Jdoodqw/ D1 U1 +4<::,/ Whvwlqj iru d Qrqolqhdu Uhjuhvvlrq Vshflfdwlrq= D
Qrquhjxodu Fdvh/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :5/ 8560
631
^4<` Jdu}ld/ U1 dqg S1 Shuurq +4<<9,/ Dq Dqdo|vlv ri Uhdo Lqwhuhvw Xqghu Uhjlph
Vkliw/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :;/ 4440581
^53` Jxópxqgvvrq/ P1/ W1 J1 Sìwxuvvrq dqg D1 Vljkydwvvrq +5333,/ Rswlpdo H{0
fkdqjh Udwh Srolf|= Wkh Fdvh ri Lfhodqg/ lq Pdfurhfrqrplf Srolf|= Vpdoo
Rshq Hfrqrplhv lq dq Hud ri Joredo Lqwhjudwlrq/ hgv1 P1 Jxópxqgvvrq/ W1
W1 Khuehuwvvrq dqg J1 ]rîjd1 Uh|nmdyðn= Xqlyhuvlw| ri Lfhodqg Suhvv +iruwk0
frplqj,1
^54` Kdoo/ V1 J1/ ]1 Svdudgdnlv dqg P1 Vrod +4<<:,/ Frlqwhjudwlrq dqg Fkdqjhv lq
Uhjlph= Wkh Mdsdqhvh Frqvxpswlrq Ixqfwlrq/ Mrxuqdo ri Dssolhg Hfrqr0
phwulfv/ 45/ 48409;1
^55` Kdplowrq/ M1 G1 +4<;<,/ D Qhz Dssurdfk wr wkh Hfrqrplf Dqdo|vlv ri Qrq0
vwdwlrqdu| Wlph Vhulhv dqg wkh Exvlqhvv F|foh/ Hfrqrphwulfd/ 8:/ 68:0;71
^56` Kdplowrq/ M1 G1 +4<<3,/ Dqdo|vlv ri Wlph Vhulhv Vxemhfw wr Fkdqjhv lq
Uhjlph/ Mrxuqdo ri Hfrqrphwulfv/ 79/ 6<0:31
^57` Kdplowrq/ M1 G1 +4<<7,/ Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq= Sulqfhwrq Xqlyhu0
vlw| Suhvv1
^58` Kdplowrq/ M1 G1 +4<<9,/ Vshflfdwlrq Whvwlqj lq Pdunry0Vzlwfklqj Wlph0
Vhulhv Prghov/ Mrxuqdo ri Hfrqrphwulfv/ :3/4 5 : 0 8 : 1
^59` Kdplowrq/ M1 G1 dqg F1 Olq +4<<9,/ Vwrfn Pdunhw Yrodwlolw| dqg wkh Exvlqhvv
F|foh/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 44/8 : 6 0 < 6 1
^5:` Kdplowrq/ M1 G1 dqg J1 Shuh}0Txlurv +4<<9,/ Zkdw Gr wkh Ohdglqj Lqglfd0
wruv OhdgB/ Mrxuqdo ri Exvlqhvv/ 9</5 : 0 7 < 1
^5;` Kdplowrq/ M1 G1 dqg U1 Vxvpho +4<<7,/ Dxwruhjuhvvlyh Frqglwlrqdo Khw0
hurvfhgdvwlflw| dqg Fkdqjhv lq Uhjlph/ Mrxuqdo ri Hfrqrphwulfv/ 97/ 63:0
661
^5<` Kdqvhq/ E1 H1 +4<<5d,/ Whvwlqj iru Sdudphwhu Lqvwdelolw| lq Olqhdu Prghov/
Mrxuqdo ri Srolf| Prgholqj/ 47/ 84:0661
5;^63` Kdqvhq/ E1 H1 +4<<5e,/ Wkh Olnholkrrg Udwlr Whvw xqghu Qrqvwdqgdug Frq0
glwlrqv= Whvwlqj wkh Pdunry Vzlwfklqj Prgho ri JQS/ Mrxuqdo ri Dssolhg
Hfrqrphwulfv/ :/ V940;51
^64` Kdqvhq/ E1 H1 +4<<9,/ Huudwxp= Wkh Olnholkrrg Udwlr Whvw xqghu Qrqvwdq0
gdug Frqglwlrqv= Whvwlqj wkh Pdunry Vzlwfklqj Prgho ri JQS/ Mrxuqdo ri
Dssolhg Hfrqrphwulfv/ 44/ 4<80;1
^65` Nlp/ F10M1 +4<<6,/ Xqrevhuyhg0Frpsrqhqw Wlph Vhulhv Prghov zlwk
Pdunry0Vzlwfklqj Khwhurvfhgdvwlflw|= Fkdqjhv lq Uhjlph dqg wkh Olqn Eh0
wzhhq Lq dwlrq Udwhv dqg Lq dwlrq Xqfhuwdlqw|/ Mrxuqdo ri Exvlqhvv dqg
Hfrqrplf Vwdwlvwlfv/ 44/ 674067<1
^66` Nlqj/ U1 J1/ F1 L1 Sorvvhu/ M1 K1 Vwrfn dqg P1 Z1 Zdwvrq +4<<4,/ Vwrfkdvwlf
Wuhqgv dqg Hfrqrplf Ioxfwxdwlrqv/ Dphulfdq Hfrqrplf Uhylhz/ ;4/ ;4<0
731
^67` Odp/ S10V1 +4<<3,/ Wkh Kdplowrq Prgho zlwk d Jhqhudo Dxwruhjuhvvlyh Frp0
srqhqw= Hvwlpdwlrq dqg Frpsdulvrq zlwk Rwkhu Prghov ri Hfrqrplf Wlph
Vhulhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 59/ 73<0651
^68` PdfNlqqrq/ M1 J1 +4<<4,/ Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv/ lq Orqj0
Uxq Hfrqrplf Uhodwlrqvklsv= Uhdglqjv lq Frlqwhjudwlrq/h g v 1U 1I 1H q j o h
dqg F1 Z1 M1 Judqjhu1 R{irug= R{irug Xqlyhuvlw| Suhvv1
^69` Pdjqývvrq/ J1 dqg W1 Hlqduvvrq +4<;8,/ Kdjvyhl xu/ jhqjlvpäo rj mùi0
qxqduvmöólu/ lq Nohphqvdueön/ hg1 V1 Vqéyduu1 Uh|nmdyðn= Iìodj ylóvnlswd0
rj kdjiuéólqjd1
^6:` Pdjqývvrq/ J1 dqg W1 Hlqduvvrq +4<;:,/ D Ixuwkhu Vwxg| lq wkh Lfhodqglf
Exvlqhvv F|foh/ Lfhodqglf Hfrqrplf Sdshuv/Z ; : = 6 /X q l y h u v l w |r iL f h o d q g /
^6;` Pxuud|/ F1 M1 dqg F1 U1 Qhovrq +4<<;,/ Wkh Xqfhuwdlq Wuhqg lq XV JGS/
Xqlyhuvlw| ri Zdvklqjwrq/ Vhdwwoh/ xqsxeolvkhg pdqxvfulsw1
^6<` Qdwlrqdo Hfrqrplf Lqvwlwxwh/ ámöókdjväéwoxq/ 4<<304<<;1 Uh|nmdyðn1
^73` Qhovrq/ F1 U1 dqg F1 L1 Sorvvhu +4<;5,/ Wuhqgv dqg Udqgrp Zdonv lq Pdfur0
hfrqrplf Wlph Vhulhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 43/ 46<0951
^74` Qhzh|/ Z1 N1 +4<;8,/ Pd{lpxp Olnholkrrg Vshflfdwlrq Whvwlqj dqg Frq0
glwlrqdo Prphqw Whvwv/ Hfrqrphwulfd/ 86/ 437:0:31
^75` Q|eorp/ M1 +4<;<,/ Whvwlqj iru wkh Frqvwdqf| ri Sdudphwhuv ryhu Wlph/
Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;7/ 5560631
5<^76` Udyq/ P1 R1 dqg P1 Vrod +4<<8,/ Vw|ol}hg Idfwv dqg Uhjlph Fkdqjhv= Duh
Sulfhv Surf|folfdoB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 69/ 7<:08591
^77` Vqéyduu/ V1 +4<<6,/ Kdjo vlqj Ðvodqgv/ Uh|nmdyðn= Päo rj Phqqlqj1
^78` Vrod/ P1 dqg M1 Gul!oo +4<<7,/ Whvwlqj wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv
iurp d Vwdwlrqdu| Pdunry0Vzlwfklqj YDU/ Mrxuqdo ri Hfrqrplf G|qdplfv
dqg Frqwuro/ 4;/ 93405;1
^79` Vzdqvrq/ Q1 U1 dqg K1 Zklwh +4<<8,/ D Prgho0Vhohfwlrq Dssurdfk wr Dv0
vhvvlqj wkh Lqirupdwlrq lq wkh Whup Vwuxfwxuh Xvlqj Olqhdu Prghov dqg Du0
w l  f l d oQ h x u d oQ h w z r u n v  /Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 46/
5980:81
^7:` Wdxfkhq/ J1 +4<;8,/ Gldjqrvwlf Whvwlqj dqg Hydoxdwlrq ri Pd{lpxp Olnh0
olkrrg Prghov/ Mrxuqdo ri Hfrqrphwulfv/ 63/7 4 8 0 7 6 1
^7;` Wrqj/ K1 +4<;6,/ Wkuhvkrog Prghov lq Qrq0Olqhdu Wlph Vhulhv Dqdo|vlv/Q h z
\run= Vsulqjhu0Yhuodj1
^7<` Yxrqj/ T1 K1 +4<;<,/ Olnholkrrg Udwlr Whvwv iru Prgho Vhohfwlrq dqg Qrq0
Qhvwhg K|srwkhvlv/ Hfrqrphwulfd/ 8:/ 63:0661
^83` Zduqh/ D1 +4<<9,/ Dxwrfryduldqfh Ixqfwlrqv dqg Pd{lpxp Olnholkrrg lq d
YDU Prgho xqghu Pdunry Vzlwfklqj/ Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf
Vwxglhv/ Vwrfnkrop Xqlyhuvlw|/ xqsxeolvkhg pdqxvfulsw1
^84` Zdwvrq/ P1 Z1 +4<;9,/ Xqlyduldwh Ghwuhqglqj Phwkrgv zlwk Vwrfkdvwlf
Wuhqgv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4;/ 7<0:81
^85` Zklwh/ K1 +4<;:,/ Vshflfdwlrq Whvwlqj lq G|qdplf Prghov/ lq Dgydqfhv lq
Hfrqrphwulfv= Iliwk Zruog Frqjuhvv/ Yro1 LL/ hg1 W1 I1 Ehzoh|1 Fdpeulgjh=
Fdpeulgjh Xqlyhuvlw| Suhvv1
63